
















a es ee ee ‘ 
“lies 











THE DESIGN AND CONSTRUCTION 


OF 


INTERNAL-COMBUSTION 
ENGINES 


DESIGNERS ann BUILDERS or GAS anp OIL ENGINES 


By HUGO GULDNER 


Chief Engineer and Director, Giildner-Motoren-gesellschaft, Aschaffenburg 


TRANSLATED FROM THE SECOND REVISED EDITION 


WITH ADDITIONS ON 


AMERICAN ENGINES 


BY 


H. DIEDERICHS 
Professor of Experimental Engineering 
Cornell University 


728 Ulustrations and 36 Folding Plates 


CITY OF LINCOLN 


c= 





LONDON 
CONSTABLE AND COMPANY, LIMITED 
10 ORANGE S8T., LEICESTER 8Q., W. C. 
1910 






Copyright, 1910 


- » , : ~ ba zs = 
ba eae hy ne fac . BY 3 er 14, © eee ae oe i 4 


i ‘ < 2 Sr . Ne? ae > 
Sari. ee ee) RL Dy VAN = NOSTRAND COMPAN is aia ee ee 
a} a he : , . : H a . “3 P A ; E noe tee a 









eee ' Entered at Stationers’ Hall Court, London, England 
; - ; : : All rights reserved 
ue _ - % 





AUTHOR’S PREFACE TO THE FIRST EDITION 


GERMANY’S gas engine industry justly enjoys an international reputation. Whether 
judged by the standards of age and experience, commercial importance or originality 
of design, it leads the world. Four-cycle and two-cycle engine, explosion and. constant- 
pressure engine, automobile construction, and commercial utilization of blast-furnace gas 
—in short, everything that has served to:lay the foundation of the industry and that 
has helped to make it vital and important is either the product of German thought, 
or was first practically realizod on German soil. 

Our technical literature cn the subject shows the same high degree of development. 
There are a number of important books as well as occasional articles treating of 
special fields of the industry, which for thoroughness and depth of scientific treatment 
hardly find their equal. But as far as the industry itself is concerned such treatises 
and publications are of little real and practical use. Writers are apt to say a good 
deal more about the general construction of existing internal-combustion engines than 
about the details of the problems involved, and as a matter of fact they generally get 
more information from the practical designer than they give to him. This objection 
holds against most of the technical handbooks now existing. Outside of the thermo- 
dynamic and thermal principles involved, at best so arranged as to serve a real purpose, 
such books very often contain nothing more than a series of descriptions of existing 
engines, illustrated by figures giving little idea of proportion of parts, and a few 
results of tests. Of how much real use are such works to the practical man in the 
field? Taking it altogether he usually finds what to him is ancient history, and 
whatever is new to him is often presented in such form as to make it unavailable to 
his needs. The trouble is that both text and illustration are arranged to suit the 
layman, and consequently the builder or designer finds little of practical value. Thus 
it happens that our present handbooks on internal-combustion engines have but little 
circulation among the men in the field, but are used mostly by those who first wish to 
study the nature of the internal-combustion engine and for that purpose require a 
more or less popularly written general treatise. 

The reasons for this condition of affairs are not far to seek. The gas engine 
originated and grew through experimentation and experience. All the improvements 
that were made and are still being made are the result of experimentation, and only 
in the course of the latter do the men actually engaged in the development of the 
industry acquire their special knowledge and experience. New developments in the 
industry are presented to outsiders usually in the perfected state, and if after suck 


presentation scientific investigation takes hold of the subject, it—with very. few 
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exceptions—concerns itself mainly with the theoretical thermodynamic facts and 
principles involved. To thus confine attention to a field, which is really only a small 
part of the engine constructor’s actual work, and which is in reality of much less 
importance than is commonly assigned to it, simply amounts to a failure on the part 
of scientific men to appreciate a real need. 

The author desires not to be misunderstood in making the above statements. No 
one doubts for a moment that thorough tests made on internal-combustion engines are 
of the highest scientific importance, besides possessing an indirect practical value, 
although the final results of such investigations are generally of a purely theoretical, 
and often even of hypothetical, nature and can consequently be practically utilized 
only in isolated instances. The criticisms made are not aimed at scientific investigation of 
the thermal problems involved, but at the highly exaggerated valuation put upon it as 
an auxiliary in gas engine design and construction, and at the narrow viewpoint which 
this tendency has succeeded in impressing upon all experimental work connected with 
the gas engine. The latter effect is strongly manifest in our technical literature as 
well as in our technical instruction. For some decades past science has apparently 
considered only the physical and thermal phenomena connected with the gas engine as 
worthy of its attention, and, in doing so, has seriously neglected the investigation of 
the static and kinetic features involved, that is, has paid little attention to the theory 
of the design of the internal-combustion engine. Complete volumes are filled with 
thermodynamic discussions, while a few pages will cover all that is written concerning 
constructive and technical details. 

There is little doubt that these things have constitiuted a serious drawback in the 
development of the industry and have worked considerable harm, For, even to-day, 
each manufacturing concern is compelled to determine for itself the best forms, the 
best mode of action and the allowable safe stresses for each essentially new detail of 
gas-engine construction, and is not able in any way to avail itself of the results of 
investigations made and of the experiences gained in probably a large number of 
similar cases in other works. As a consequence, many futile experiments are repeated 
again and again. The continued great loss of time and money incident to this proceed- 
ing could at least in large part be with certainty avoided if scientific investigation, 
instead of almost entirely confining itself to the thermodynamic side of the problem, 
could be induced to take) up with equal energy the mechanical and kinetic side with 
special reference to the problems of actual design and practical construction. The 
solution of the entire problem does not rest entirely in the domain of thermodynamics; 
on the contrary, every technically trained man and every practically trained mechanic 
can do his share toward it. Under such conditions, technical literature, in so far as 
it pertains to the gas engine, would soon assume a quite different aspect and would 
attain a higher degree of importance in the practical field than it at present possesses. 

It is the aim of this book to make a beginning at clearing the ground along the 
lines thus defined and to be considered as the first modest contribution to this cause. 
Out of the fund of practical experience, gathered during the past fifteen years in 
positions of executive capacity, it has been written by a gas-engine designer and 
builder for others engaged in the same work, with the idea of presenting to the 
technical man, and especially to the gas-engine designer, a reliable handbook and to 
the gas-engine builder new in the field a practically useful guide. That there is real 
need for a book of this kind for both classes of men, the author believes to have 
shown in what has been said. 

Concerning the scope and manner of treatment of the material entering into the 
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various problems, the book may speak for itself. The entire internal arrangement was 
in reality already fixed by the purpose for which the work is written. 

The first part’ of the book consists of a critical discussion of the most important 

of the older types of internal-combustion engines, to serves both as an introduction. to 
the field in general and to give a brief résumé concerning constructions already tried 
and in part abandoned. 

The second part treats first of the thermodynamics of the gas engine in a form 
and to an extent which the real purpose of the book seems to justify. This is 
followed by a critical examination of the various events of the gas-engine cycles, a 
subject which should be welcomed alike by the designing-room and the shop and 
which, on account of its importance, is quite likcly to receive further elucidation and 
additions at the hands of others. 

The most extensive part of the book, however, the one which brings out most 
clearly the real aim of the entire work, is the third part, intended to serve as an 
everyday working guide to the designer and constructor. The author would like to 
look upon this as the beginning of a “science of gas-engine construction’? whose aim 
it shall be to suitably extend the rules of genera! design and to adapt them to the 
special requirements of gas-engine construction, to bring together a selected collection 
of dependable data, and of approved forms of construction to serve as a reliable guide 
for new constructions, and thus save both designer and builder a great deal of 
unnecessary and costly trying-out and experimentation. This aim calls for the most 
extended use of drawings, true to detail, showing approved designs, and the more 
dimension figures are given in them, the better. The dimensions of machine parts 
tried and found satisfactory in actual service constitute statistics of peculiar value to 
the designer, and not infrequently such figures express rules of design not yet stated 
clearly in words. In fact, in cases where the underlying rules and laws are not yet 
clearly understood, such combinations of drawing and dimension find their most 
important usefulness. This viewpoint entirely determined the manner of illustrating 
the book, and especially of the third part of the same. If this practice should serve 
as an example followed by others, it can only prove of benefit to technical gas- 
engine literature, in general, because the hitherto much preferred method of banishing 
all dimension figures from text illustration has resulted in merely turning these in- 
dustrial documents into useless pictures. 

While the third part shows the method of designing the various separate machine 
parts, it is the main purpose of the fourth part to show how these various parts are 
utilized in combination in the modern types of internal-combustion engines and to give 
some information concerning the field of application, erection, ete., of the various forms. 
The results of the latest tests also reported in this part serve to show the present 
economic position of the gas engine and its standing as compared with other sources 
of power. 

The jifth part, treating of the gas-engine fuels and combustion in the gas engine, 
is also mainly arranged to suit the needs of the designer, but there is little doubt that 
the shopman will also find many things of service to him. Even engine builders 
grown gray in the business are sometimes not entirely clear on the various phenomena 
attending combustion in gas engines, nor how important all means tending to promote 
complete combustion really are and what means are available. It requires a study of 


1TRansLator’s Norn. The parts of the book have been rearranged, see Translator’s Preface. 
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the combustion process to see that, in a certain sense, air is power as far as the gas 
engine is concerned, and that to neglect this fact simply means a waste of fuel. 

In order that the designer and builder not familiar with thermodynamics may find 
the book entirely useful, a brief treatise of Thermodynamics and Thermochemistry is 
given in the Appendix, to avoid complicating the main part of the book with elemen- 
tary discussions. The rest of the subject matter of the Appendix is a miscellaneous 
collection of information on several topics, which, while it will probably not be reg- 
ularly used, will now and then prove of interest and value. 

Taking it altogether, this work is written “out of practice for practice; it is 
nevetheless hoped that it will be of some use in technical instruction. For obvious 
reasons, the author, in making this statement, has in mind mainly the technical high 
school. The training which these schools at present impart to the engineering graduate 
along the line of gas-engine design amounts to next to nothing. Every chief designer 
can corroborate this statement from his own experience, no matter from where his 
assistants may come. That this condition of affairs should change is merely an 
industrial necessity and consequently a just demand on the part of the gas-engine 
industry. 

The objection to this statement of the case is the old one that “the high school 
should not be called upon to develop specialists.”’ How long this view of the question 
can be maintained in the face of the steady readjustment now at work in the industrial 
field is problematical. What is not open to question is the fact that the gas-engine 
industry has to-day attained an extent and importance which make it barely secondary 
to steam-engine and machine-tool industry and to the electrical manufacturing interests. 
Now it is well known that the technical high schools in their present courses of study, 
examinations, and laboratory equipments, try to meet the practical requirements of 
these branches of our industry to the widest possible extent. It is therefore strongly 
in the interest of the gas-engine builder to see that those students who intend later to 
specialize in his branch of industrial activity, are given sufficient opportunity to acquire 
at least the fundamentals necessary to this end. There seems to be an impression that 
the special knowledge required can be imparted simply by a study of comparative 
machine design and of thermodynamics. The fact is that the origin of most of the 
special training required goes back to theoretical machine design and to the practical 
design problems and exercises connected therewith. Both courses of study therefore 
urgently call for adaptation to the proven need. With this aim in view it is hoped 
that the present work may in a measure serve as a guide and that its many examples 
and problems may furnish welcome material for practice in the drafting-room. 


AuGsBurRG, December, 1902. 





AUTHOR’S PREFACE TO THE SECOND EDITION 


THE good reception accorded the first edition of this handbook compelled the 
preparation of a second edition as far back as June, 1903, only a few months after 
the first appearance of the book. On account of business engagements, however, the 
revision for the edition was delayed a very considerable time, although the delay 
had one good feature in that it allowed of the insertion of the latest developments 
in the gas-engine field. The last few years especially have brought forth not a little 
of what is new and of general importance in the construction of gas engines. 

The gas turbine, more than one hundred years after its first appearance, has again 
stepped into the foreground and is again the subject of energetic activity of investi- 
gators and inventors, who are apparently blinded by the rapid commercial success of 
the steam turbine. 

Suction gas producers, constituting the simplest and cheapest of power installations, 
are in a fair way of completely displacing the older types of gas producers and are 
even making considerable inroads into the field. hitherto reserved to the smaller 
illuminating gas and oil engines. This development: has incidentally been the cause of 
the taking up of the most important problem yet remaining in the gas-engine field, 
that of the gasification of tar-carrying fuels. This problem is now receiving great 
attention and many fairly successful solutions have already appeared. 

The development and introduction of the double-acting principle in the building of 
4-cycle engines has given the latter type of machine a new lease of life in the struggle 
between it and the 2-cycle engine for supremacy in the field of large engines. The 
eonditions are further improved in favor of the 4-cycle engine by substituting for the 
old cam-operated gear an eccentric valve gear, in part so designed as to operate the 
valves positively throughout. More perfect methods of speed regulation for this type 
of engine have also been devised. 

In this manner one improvement has followed another since the first appearance 
of this bock and this active development of the internal-combustion engine was duly 
taken into account in the preparation of the second edition. As a consequence, 
Part III, treating of the theoretical design of the various engine parts, and Part IV, 
dealing with modern types of engines, have been considerably enlarged. In order to 
keep the book from becoming unwieldy on account of the necessary insertions, the 
historical discussion of Part I‘ has in this edition been cut down to include only the 


1 This part is entirely omitted from the translation. 
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distinct and original types of internal-combustion engines and this part has thus been 
shortened in spite of the fact that a brief discussion on gas turbines has been inserted. - 
As far as the rest of the main divisions are concerned, no reduction of any importance 
proved possible, in fact, in most of them many, and in some cases extended, insertions 
were urgently called for. 

For the details of the revision the reader is referred to the Table of Contents and 
to the Index; it will be sufficient merely to mention that the number of pages has 
been increased by 80, the number of illustrations in the text by 50, the number of 
plates by 18, and the number of tables by 13. 

Of course neither the inherent character nor the clearly defined aim of the book 
have been changed in any manner. As in the past, its one guiding principle is “less 
invention, more rational design,’ in other words, let us have less guesswork, less rule-of- 
thumb and more of sane design based on tried principles. And of hardly less import- 
ance is the second plea to establish first a sound working basis for rational design before 
proceeding to a lot of hypothetical thermodynamic experimentation. 

To the first of these demands there are probably few dissenting voices, except 
those of professional inventors. There is, however, no such unanimity of opinion 
regarding the second, which is mainly aimed at our present-day method of technical 
instruction and at scientific investigation. It came as a surprise to note that some 
of the strongest objections to this demand came out of the camp of the practical 
engine builder, while one of the most eminent of our university professors has turned 
into a most energetic champion of the cause opposed io mere theorizing. 

The opinions which the author himself holds concerning one or the other of the 
requirements or demands above laid down, have been clearly set forth in the preface 
to the first edition. The latter expresses a warning against the over-valuation of one- 
sided theoretical investigations and merely suggested that a study of the mechanical 
and kinetic laws underlying the construction of the gas engine be in future preferred 
to the former type of investigation. That, however, is by no means equivalent to a 
condemnation of thermodynamic study in general, much less does it amount to an 
expression of disrespect aimed at the authorities in that field of knowledge, as several 
of the reviews of the first edition were pleased to state. The author desires to leave 
no doubt in any one’s mind that this interpretation does not represent his own ideas 
on the subject. The theory of gas-engine construction is indebted to thermodynamics 
for a great many things and at all times is dependent upon its. codperation,—but 
certainly not to the exclusion of everything else. 

The last words are due also in this case to the colleagues and firms who have 
kindly aided in the preparation of this second edition and who have given of their 
time sometimes at a loss to their own material advantages. To all of them the author 
hereby expresses his thanks, hoping that he may have their continued codperation. 


MuUncuen, June, 1905. 











TRANSLATOR’S PREFACE 


In adding this work to the technical gas engine literature already existing in this 
country, the translator feels it hardly necessary to give any extended reasons for his 
belief that the book will fill a real want. If any justification for its appearance 
should be thought necessary, the reader is referred to the author’s preface to the first 
edition. The statements there made concerning the state of technical gas engine 
literature in Germany apply with equal force to American conditions. As a matter of 
fact, outside of a considerable fund of practical information concerning the automobile 
engine, there is very little data available in our technical literature treating of the de- 
sign and construction of stationary engines, large or small. This fact has been brought 
home to the translator in a number of instances, both in his capacity as teacher and as 
consulting engineer or designer. It is by no means intended to convey the impression 
that American gas-engine industry is behind the times or that  rules-of-thumb are 
supreme in its designing rooms. Detailed practical data and information no doubt exist 
here as well as abroad, but they have usually been acquired by hard work in the way of 
experimentation at a considerable expenditure of time and money, and are conseqently 
in most cases considered a valuable asset of the business not to be published broad- 
cast. There is no doubt that this procedure is entirely justified from the standpoint 
of the manufacturers, but, as Gildner has pointed out, it leads to a large amount of 
useless investigation, results in the appearance on the market of freak forms which 
cannot maintain themselves for any length of time, and, finally, it serves to retard 
standardization of practice. 

It remains to point out in what particulars the book as here presented differs 
from the scope and contents of the original. In the first place the translation is quite 
free without losing the sense of the original. In the attempt to avoid the stilted 
expressions sometimes found in translations, the text was read by at least two engineers 
little conversant with German, and while it is of course quite impossible to avoid 
them altogether, it is believed that so-called “Germanisms”’ are at least of infrequent 
occurrence. In order to make the book more acceptable to those engineers and 
designers who have had no opportunity to become familiar with the metric system of 
units, all of the figures in both text and illustrations have been transposed from metric 
to English units, except perhaps in a few isolated instances where the system of units 
made no particular difference. To avoid confusing the text, the original metric 
dimensions and figures have not been repeated, as is sometimes the practice. Again, 
there are a few exceptions to this statement in cases where a juxtaposition of the 
figures in the two systems seemed important. The transposition from millimeters and 
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centimeters to inches is not in a round-numbered ratio, and since in many of the 
computations and illustrations it seemed important to retain the exact dimensions, 
inches will in most cases be found expressed to the second decimal place, that is, in 
hundredths. This may at first seem strange to the American engineer or mechanic fer 
whom the smallest division is usually ~; of an inch. But as stated, this method of 
transposition was necessary in many of the problems and cuts, and for the sake of 
consistency it was followed throughout the book. It is not believed that the value of 
either the problem or the drawing is impaired thereby. . 

Perhaps the most radical difference from the original consists in the omission of 
the entire first part treating of the history of the gas ‘engine. Thus Part II of the 
German work has become Part I of the American edition, etc. Although Guldner’s 
treatment of the historical development of the gas engine is quite original and valuable 
on account of the citation of many early test results, it was felt that the same subject 
had been so well treated by English writers like Clerk, Donkin, and Robinson, that 
this particular division of the German edition could be omitted without great detriment 
to the rest of the book. A second reason which contributed to this decision was the 
fact that in order to make the book more acceptable to the American reader in general 
it became necessary to add a somewhat extended discussion of the important machines 
on the American market. This insert largely replaces the pages lost by the omission 
of Part I of the original and, without this omission, the book would undoubtedly have 
become somewhat unwieldy. 

The translator is fully aware that the subject matter of the insert on American 
engines is not in any respect up to the standard set by Giuldner in his discussion of 
German machines. In simple justice to himself he is compelled to state that, with a 
few exceptions, this is due to the extreme reticence on the part of many manufacturers, 
as already mentioned, to give out any information concerning their engines, and is in 
no sense due to any neglect on his part to get the best information available. 

In conclusion, the translator wishes to express his sincere thanks to those firms 
who have met to the fullest extent his requests for information and to those of his 
colleagues who have given their time without stint to the revision of manuscript and 
text. Special mention is due to Dr. F. E. Junge of Berlin, who first suggested the 
desirability of undertaking the work and to whose help is due a large share of the 
accomplishment of the same; also to Mr. C. F. Hirshfeld, Professor of Gas Engineering 
in Cornell University and to Mr. A. G. Kessler, Instructor in Gas Engineering, for read- 
ing the manuscript and the text, and to Mr. G. W. Lewis, Instructor in Machine De- 
sign, for his efficient work in preparing the drawings. ; 


Irnaca, N. Y., August 16,.1909. 
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THE VARIOUS METHODS OF OPERATING GAS ENGINES AND THE 
GAS ENGINE CYCLES 





A. GENERAL CONSIDERATIONS 


I. Classification of Engines 


1. The term Internal-combustion Engine is applied to all prime movers employing 
gaseous or liquid fuel, that is, to all gas and oil engines without regard to the cycle of 
operation. Using the cycle as a basis of classification, we have Constant-volume Engines 
in which the charge burns suddenly and at approximately constant volume (Lenoir and 
Otto), and Constant-pressure Engines in which the charge burns gradually and at approxi- 
mately constant pressure (Brayton and Diesel).1 

2. It is not correct to designate a double-acting or multi-cylinder 4-cycle engine by 
the term ‘‘2-cycle,’’ because the expressions ‘“4-cycle’”’ and ‘‘2-cycle” state the number 
of strokes required to complete one cycle on one side of the piston. Combining cylinders 
or making one cylinder double-acting in the case of a 4-cycle engine in no way changes 
the number of strokes to each working cycle.2 As far as the strokes required per cycle are 
concerned, we therefore distinguish only two classes of engines: 


Single-cylinder, single- or double-acting, or multi-cylinder, single- or double-acting, 
4-cycle engines; and 

Single-cylinder, single- or double-acting, or multi-cylinder, single- or double-acting, 
2-cycle engines. 


1TranstaTor’s Nore. In German practice, gas engines are sometimes classified as ‘‘explosion’’ 
and ‘‘combustion’’? engines, the former referring to constant-volume, the latter to constant-pressure 
engines. Giildner points out that the classification is not good, for explosion engines are combustion 
engines. He further makes the point that the designation “explosion’’ engine given to those employing 
the Otto cycle does not exactly meet the case, taking the ground that explosive combustion is much more 
rapid than that occurring in Otto gas engines in ordinary operation. He proposes the term “ Verpuffung”’ 
instead of explosion, meaning rapid combustion but falling short of the nature of an explosion; but since the 
English language does not contain an equivalent term, the name explosion engine will have to stand as an 
alternative for “engines with combustion at constant volume.” 

Gildner objects to this term as well as to the designation ‘engines with combustion at constant 
pressure,”’ because of their length; hence the contraction of these expressions into those used in the 
above paragraph. 

? TRANSLATOR’s Nore. For the same reason, Giildner objects to the term “Ein-Takt,’’ meaning 
“one-stroke cycle,” which is often applied in Germany to the double-acting 2-cycle engine. This term 


has never to the writer’s knowledge been used in the United States. ek 
. e 
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3. The following distinctions, regarding cylinder combinations, etc., should also be 
drawn at this time: 

As opposed to single-cylinder engines, those having two or more cylinders are known 
as multi-cylinder engines. The latter are subdivided into tandem engines, when the 
cylinders are arranged in a line one behind the other, and double or twin (two-cylinder, 
three-cylinder, four-cylinder, etc.) engines when the cylinders are arranged side by side. 
For other terms designating multi-cylinder engines, see Part II, p. 63. 

Distinguished from horizontal engines, we have the two forms of vertical engines, 
one with the crank-shaft below, and the other with the shaft above the cylinder. As 
usually constructed, horizontal engines are right-handed and run-over, that is, standing 
on the lay shaft side of the engine, the crank will be found on the right-hand side, and 
the direction of rotation is clockwise as viewed from this side. In vertical engines, these 
distinctions are not so clear. Facing what may be termed the front side of the engine 
(the side on which most of the valve gear and the adjustments are found) the wheel is usually 
at the right and the top of the wheel moves toward the spectator. This arrangement, 
however, is by no means strictly adhered to. 


II. Thermodynamic Definitions 


1. The work equivalent of the heat unit (B.T.U.) is taken at 778 foot-pounds, so 
that the heat equivalent of work or the mechanical heat equivalent is 


‘aare 


= = 001285 ‘itish Thermal Units. 
a5 )01285 British Thermal Units 


Many writers still use Joule’s equivalent (772) instead of 778, but the recent investiga- 
tions of Dietrich, among others, admit of but little doubt that the true value of the heat, 
equivalent is higher, near 783.! It is consequently more nearly correct to employ the 


: ; F ] say 
higher of the two values now in common use. With A =z. B.T.U., thermal efficiency 
€ 
: : ay ; i by 1 
computations gives. results .935%, that is, less than 1% smaller than if A=775 Bis 


were used. 

2. The specific heats cp and cy may be considered constant for all pressures and 
temperatures occurring in internal-combustion engine practice. This assumption is at 
least safer than the use of the formulw proposed by Mallard and Le Chatelier, Table 1. 
According to these, for example, for a temperature, range from 32 to 3632° F., cy for 
air increases from .1666 to .2506 (i.e., 1:1.51), while for carbon dioxide the increase is 
even greater, from .1422 to .3091 (1:2.18). 

Now recent unimpeachable investigations have seriously shaken faith in the accuracy 
of the above formule and in the trustworthiness of the experiments from which they 
were derived. Fliegner? especially, from his own recent experiments, tersely concludes 
“that the results of Mallard and Le Chatelier may even be looked upon as proof that 
the specific heat. of gases at constant volume does not appreciably change at high tem- 
peratures, say up to 3600°.”” Zeuner,? holding the same view, says: ‘If we were to accept 
the results of Mallard and Le Chatelier as correct, nearly everything at present accepted 


1 Compare, for example, Zeuner, Thermodynamik, 2 ed., Part I, pp. 13 and 120. The Xnternational 
Congress of Electrical Engineers in 1904 fixed upon 4 =1/777 B.T.U. 

? Vierteljahrschrift der Naturforschenden Gesellschaft in Ziirich, 1899, p. 192. 

5 Zeuner, Thermodynamik, 2 ed., Part I, p. 143. 
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or considered established in connection with h'gh temperature computation and with 
the phenomena of the internal-combustion engine would fall. In ‘establishing their 
empirical formule, these engineers used only very few tests at high temperatures (up to 
3600° F.) of their own, and the trend of their conclusions is therefore at least open to 
question.” 

Eugene Meyer,' in his “Untersuchungen am Gasmotor,’”’ comes to the gencral con- 
clusion that, while the specific heats are not constant, they do not increase with 
temperature as rapidly as stated by Mallard and Le Chatelier. 

A similar stand is taken by Arnold Langen,? who, on the basis of numerous scientific 
tests on the explosion pressures of hydrogen and carbon monoxide mixtures in closed 
vessels, derives the following equations: 


For simple (di-atomic) gases, cy=4.8 + .0006¢ 
For water vapor (H20), Cy=5.9 + .00215¢ 
For carbon dioxide (COz), cv =6.7 + .002608 


(Note that ¢ in this case is temperature in degrees C.) 

The final solution of the question whether or not specific heats vary with temperature, 
is of interest not only to the student of thermodynamics, but also, in a high degree, to the 
designer of gas engines. Upon this solution, for example, depends our ability to compute 


TABLE 1 


VARIATION OF SPECIFIC HEATS ACCORDING TO MALLARD AND LE CHATELIER 











| Cp= = 

ENGL RONMENT rc hisieis siete} wiece- eis, ai> suai ycele { 2360+ 0000231 1666 + .000023¢ 
\ 2245+ .0000237 .1551 + .0000237 
WES he CHLORICLO su aerrieMe a lavee Hyeio ay reuse, 0.056 CO, { a eee real vaaraeae 
WVLOMEV COOL ie tations tieciview: use tosane a ces H,O { seen pnb Keele on 
A re N ree ies 1714 + 0000241 
"oh o | — { 2125+ coca 1500+ 000021! 








the temperatures occurring in the gas engine-cylinder, to determine the energy of the 
working medium going through the cycle, and finally to give some idea of the relation 
between the energy so determined and the various energy losses. As the case stands 
at present, and as long as the question of the variation of specific heat with tempera- 
ture is not definitely settled, we are not even able to state positively whether the losses 
due to the imperfections of our present-day engines are relatively large or small, or 
whether, by improving fuel mixtures and ignition, perfecting combustion in general, we 
will be able to raise the thermal efficiency much or little. 

If specific heat increases with temperature as rapidly as indicated by the results 
of Mallard and Le Chatelier, the thermal efficiency of the gas engines of to-day is 
already so high that very little improvement may be expected from anything we can 
do to perfect the thermal action of the cycle. If, on the other hand, the specific heat 


17, d. V. D. I., 1902, p. 1307. 
27, d. V. D. I., 1903, p. 631. 


we 
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is constant within the limits of temperature found in gas-engine practice, there still 
remains a wide field for improvement in the direction of gas-engine efficiency. 

The following table shows numerically the difference in the results, assuming one or 
the other of the above conditions, regarding specific heat. The experimental results 
were taken from the above mentioned ‘Untersuchungen”’ by Meyer. 


AB TE 


EFFECT OF VARIATION OF SPECIFIC HEAT 








Specific Heat Constant. Specific Heat Variable. 





Test No. 57 | Test No. 64. oo No. 57.| Test No. 64. 





Memperaburesol Compustio litem wer ete een ees ae eee ert °F.) A746 “|: “HB826'= te) essno- = | 12960 
Temperature at end of adiabatic expansion............ 1a 2856 | 2285 2593 2153 
Thermal efficiency of engine without losses (Ideal engine) % 39.75 40.30 29.69 31.78 
Relative total work lost referred to the work delivered by 

Fdealienginie jac is seins Sebati Mees ee et eee eA % 33.46 34.50 10.95 16.97 





Ratio between the work actually delivered to the possible 
amount of work that may be done by the working fluid 
between-the volume limits given... ............. %\ 66.54 65.50 89.05 $3.03 














The values above given refer to a Deutz gas engine having a evlinder diameter of 
8.67”, a stroke of 13’’, and a ratio of compression=3.84. In Test No. 57 the ratio of 
air to illuminating gas was 8.9 and the total load equal to 10.36 B.H.P. For Test 
No. 64 the corresponding figures were 12 and 6.13 B.H.P. 

These figures show very clearly the importance of the question of the variability 
of specific heat with temperature in its bearing upon the theory of gas-engine design. 
A definite and final answer to this question is not to be expected for some time to 
come. To establish a working basis, therefore, for what is to follow, it is assumed, in 
accordance with the views of Zeuner, Fliegner, and others, that the specific heats cp 
and cy are constant within the ordinary ranges of temperature. The influence of high 
pressures upon the specific heat cp has of late years been made the subject of scien- 
tific investigation, magnly by Prof. von Linde According to the results obtained by 
the latter investigator, atmospheric air shows the following relation: 


ear 
Cp = Cpo See 
ie et ACS, 


in which ¢po=.237; P=pressure in kilograms per square meter; a=20570=constant, 
and T is absolute degrees Centigrade. 
The equation gives the following results: 


For P= 10000 100000 400000 700000 Keg./sq. mm. 


p= 1 10 40 70 atmospheres 
Sa 142 568 994 pounds/sq. in. 
rHem ao Oe 
hee poe | com 23%p 2419 «DBI alia 
hen 7=373°.C, 
ee BTae RL | BER ee ee 


’ Sitzungsberichte der Kéniglich Bayer, Akademie der Wissensch., 1897, No. 3. 


GENERAL CONSIDERATIONS 5 


According to this, the specific heat cp is throughout smaller at 212° than at 382° 
(Mallard and Le Chatelier’s formule would have shown the opposite result). The 
difference increases with an increase in the pressure. At any one temperature , however, 
Cp increases with the pressure, although in a decreasing ratio. For the two pressure 
extremes, p=14.2 lbs. per sq.in. and p=994 lbs. per sq.in., the increase of cp at 
32° is about 17%, while at 212° the increase is only 6%. Sincein gas-engine practice 
the temperatures far exceed 1800° F., we may conclude that cp for the fuel mixtures 
increases but very little with pressure. Hence the further assumption, for the time 
being, that the specific heats do not vary with pressure is justified. 

Tables giving values of cp and cy for the perfect gases and fuel mixtures will be 
found in the Appendix. 

3. Heating Value and Standard Condition of Fuel. In determining the efficiency 
of a gas engine, only the lower hoating value of the fuel, i.e., the heat of combustion, 
after subtraction of the heat of vaporization of the water vapor carried by the gases 
of combustion, should be used. The reason for this is that the exhaust temperature 
always far exceeds the temperature of condensation of steam, the latter is discharged 
in vapor form and the heat of vaporization is never available as far as the engine is 
concerned.! The difference between lower and higher heating value (Ho) is of course 
proportional to the amount of hydrogen contained in the fuel, or to the amount of 
steam carried by the exhaust gases. In the case of illuminating gas, this difference may 
amount to 10% and is therefore quite considerable. 

If one cubic foot or one pound of fuel of heating value Hy is mixed with L cu.ft. 
or lbs. of air, the heating value of the mixture will be 


Hy 
Ho= 77, B.T.U./eu.tt. (or Ba Wb). Rt eae a (1) 


It is usual to refer heating value and fuel consumption to a fixed set of standard 
conditions. Thus the fuel gases are usually referred to the mean atmospheric pressure 
of 29.92” Hg., and a temperature of 32° F.2 Thus, if for any given barometric 
pressure of } inches and a temperature of ¢ or T degrees, the lower heating value of a 
fuel is Hu B.T.U., this value, by referring it to standard conditions will increase to 


Zz 2s : 2 . 2, u u 
29.92, 46141 _29.92THu _ og, TH 


fe ina 493 4986 b 








BLU Cua tae Moles) bee) 


On the other hand, any volume of gas v, measured at b’ Hg. and ?°, by reference to 
standard conditions, decreases to 


v b 493v b 493vb vb 
=a ~16.5—. 
%=T+002030—32)* 








29.92 461+¢°°29.92 29.927 Pee NS) 


Fuel guarantees for illuminating-gas engines are usually based upon a heating 
value for the gas of 560 B.T.U. per cu.ft. under standard conditions. Suppose now 
that such an engine had consumed v cu.ft. of gas under b” Hg. pressure and ¢° tem- 
perature, and that the heating value of the gas was Hy B.T.U. per cu.ft. under these 


1%. Meyer, Z. d. V. D. I., 1899, p. 283, in his thermodynamic investigations reaches the same con- 
clusions regarding this much discussed point. 

2 For liquid fuel 59° or 60° F. is usually considered the standard reference temperature, but variations 
from this temperature have but a very slight effect upon the fuel consumption of oil engines. 
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conditions. Then the gas volume reduced to standard conditions of pressure and tem- 
perature and to the standard of 560 B.T.U. per cu.ft., will be 





ene 
v'9= 16.575 560 
But from eq. (2) ioe 
ros vb .061TH. vHu 
hence v9 16.577 X 60D S60 Pee ee eas (4) 


It is clear from this that the opposite effects of 6 and ¢ upon v or Hy cancel each 
other, and wp therefore depends only upon FAG 


Example. v=14.8 cu.ft., Hu.=493 B.T.U. per cu.ft. for b=28.55” Hg. and #=53°.6, or 
T= 5142.6 E. 


4.64 
Then Hig = (ite Baan B.T.U. per cu.ft. 
28.55 
14.8 X 28.55 
= 165g te cu.ft. 


Reducing to the standard heating value=560 B.T.U. per cu-ft., the volume will be 


540 
n= 13.5575 =13.02 cu.ft. 


The standard conditions to which volumes are most commonly referred, i.e., 
29.92" Hg. and 32° F., are very badly adapted to gas-engine practice because, on this 
basis, all gas volumes are stated smaller, by from 8 to 15%, than the volumes 
actually used or indicated by the gas meter, which latter indication alone determines 
the fuel cost. Fuel consumption computed on the basis of equations (3) or (4) may 
therefore mislead gas-engine buyers or operators as to the real economy of the engines 
under consideration, which fact may in some cases have unpleasant consequences as 
far as the manufacturer is concerned. 

It is of course not open to question that a fixed basis of comparison, i.e., a set of 
standard conditions, is fully as important to gas-engine manufacture and trade as it is 
for scientific investigation; but in order to arrive at such a basis, only such a pressure 
and temperature should be chosen, that the reduced data represent figures as closely 
as possible corresponding to actual results. This is most nearly the case when the 
standard pressure is taken as 28.92’ He. (=1 metric atmosphere), and the standard 
temperature that already commonly employed as such in chemistry and physics, i.e., 
59° F. (=15° C.).. In combination with these figures, the standard heating value for 
illuminating gas may well be placed at Hu=560 B.T.U./cu-.ft. 

With this proposed set of standard conditions, eq. (3) may be written in the 
following simple form: 
He 520v b _ 17.97 7vb 180d 

461+4¢°°28.92 461+¢ fh 











(3a) 


The approximation in the last forin of the above equation causes an error of less than 
7 of 1% in the exact result. 
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Example. For b=29,3” Hg., t=71°.6, and v=31.7 cu.ft, the value of v) is from 








Eq. (3) Usual Standard Conditions: Kq. (3a) Proposed Standard Conditions: 
31.7 X 29.3 31.7 X 29.3 
= 16.50 E X 29:3 _ ; Boe 
V=16.5 532.6 28.79 cu.ft., its 539.6 31.4 cu.ft. 
Difference v —v)=9.5%. Difference v —v)=.95%. 


From the above it would appear that a pressure of 28.92" Hg. and a temperature of 
59° F. represent the most suitable set of standard conditions for gas-engine practice. 

4, Thermal Work and Efficiencies. In judging heat engines from the standpoint 
of economy, it is usual to compare the amount of heat converted into work with the 
amount furnished to the machine in the fuel. This assumes as an ideal case that 
every thermal unit furnished does an amount of work equivalent to 778 ft.-lbs., or 
that each pound of fuel of heating value H gives a return of 


y= a =778H ft.-lbs. 


The duty or capacity of such an ideal engine, when the fuel consumption is Cs pounds 
per hour, would be 

778HCs _ ACs 
~ 83000 X60 2545 








w BGrceepOWeEl: tse so meeies. s)  nube or KO) 
The indicated pressure diagram represents the real external work done. Comparing 
this diagram with the ideal pressure diagram of the cycle concerned furnishes a means 
of arriving at the magnitude and cause of the heat losses that occur. 

Fig. 3, p. 11, shows in full line the ideal pressure diagram of an explosion engine, 
and in dotted line the real indicator diagram. The latter shows the indicated net work 
Li, done by the amount of heat Q; furnished during one stroke. If the work shown 


by the ideal diagram is Gal ft.-lbs., there will be lost during every cycle an amount 


of heat equivalent to 
L_=In—L; ft.-lbs.; 


or Q_=AL_ B.T.U. 


This total loss L_ or Q_ is due to a series of causes, such as imperfect ignition and 
combustion, late ignition, and after-burning, conduction of heat during compression and 
expansion, etc., the relative influence of each of which can be judged only approxi- 


mately from the indicator diagram. The ratio 2 is called the card factor! of the 
t 


pressure-volume diagram. 

The area enclosed by the lines above and below the atmospheric pressure line 
depends for its size upon the suction and exhaust resistances, i.e., upon the design of 
the engine and not upon any internal thermal actions. It is therefore wrong, in 
thermal investigations, to subtract the lost work thus represented by the lower loop 
when determining the indicated thermal work Li, as is often done, since the heat 
necessary to make up this loss must come from the heat in the fuel. Only when it is 
desired to determine the purely frictional loss of the machine, as compared with the 


‘In German ‘ Volligkeitsgrad,’’ an expression practically untranslatable in a single word. The 
expression ‘card factor’’ is much used in steam-engine practice to represent what is practically the same 
thing. 
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total work done against internal resistance, is this method of computation justified. 
Otherwise the subtraction of the fluid loss (lower loop loss) would make the cyclic 
efficiency (y:) less and the mechanical efficiency (ym) of the machine greater than 
they really are. 

If the mean indicated pressure of the indicator diagram is p; pounds per square 
inch, or Pi pounds per square foot, and if the piston displacement is Va cu.ft., the 
indicated work of one stroke will be 


»= 144 piVe = Pin italbss. |< <2 Ue eee ee ee 
The corresponding thermal equivalent is 


1449:Vn PiVan 
778 7/18 Beat 


Qi=185piVi=. 001284 PV; BY Ue 1 oe ees ee) 


O05; 








Assuming that the capacity of the engine is to be N; I.H.P. at n r.p.m., the piston 
displacement will have to be 
33000 XNiX2_ 458.06N: _ 66000N: 


fi ZO: , 
Vn dom, i o CUPRA Ree ont sa pte 











for the 4-cycle engine, and 


33000 XN:  229.03N; 33000N; 
144 pin npi nP; 





Vin CUE Sh ae eae ae ree em 








for the 2-cycle machine. 
If an engine uses Cs pounds or cu.ft. of fuel per hour of heating value=H B.T.U. 
per pound or cu.ft., the amount of heat actually expended per combustion stroke is 





Q= < B.T.U. in a single-acting 4-cycle, <2 .j..ge) ee 
a nN 
, CsH : ; : 
and Q.= B.T.U. in a single-acting 2-cycle engine. . . 3). (12) 





~ 60n 


The work equivalents of these amounts of heat are 

















Q T78C.H _ 25.93C.H 
L A 30n ee ft.-lbs..for the’4-cycle, -. \.. 2 he) 
2.960, | 
and nee e ft.-Ibs. for the 2-eyele: 45. \.,i-.- ee wee 


From the above equations the indicated thermal efficiency, in short, the indicated 
efficiency of the cycle (see p. 11) is 
ALi Q. _ Ni X33000 X60 
iG te nO) 778HCs 
_2545N, 
Pa HC: 











(15) 


Dividing the indicated thermal efficiency 7: by the theoretical thermal efficiency y of the 
cycle, we obtain a ratio which expresses the relation between the real machine and 


GENERAL CONSIDERATIONS g 


another machine which is assumed to have no losses. This ratio is again analogous to 
the card jactor, which may then be expressed by 
eee 
Ng nt’ er eee OME TAN ec ok vr oO (16) 


or using the expressions above developed, for the work equivalents, 


Li 
1 oe we” | ie ie ny Wegehy res 2s at st oa ac eee, oe (16a) 


A certain part of the indicated work Ni developed by the machine is lost on the 
way from cylinder to shaft through friction of the machine. If we assume that this 
negative (friction) work is equal to N, expressed in I.H.P., the useful (effective) - 
engine horse-power will be 


Neos Nie ac lee. Ven eB ee se ee 
The mechanical efficiency of the machine will then be 
Ni—Nr Ne 
Us ahaa pet gh fd . : . . . . . . . . . (18) 


Substituting for Ni, Ne and N,, the corresponding mean pressures pi=pe+pr pounds 
per square inch, we may also write 
Di— Pr _ Pe 


» (8a 
pi pi ( ) 


Ym >= 


Finally the product of the three efficiencies above developed gives the economic 
efficiency 


Ho= None = pemes ho Set os BIO a EG) 

The economic efficiency referred to the basis of heat consumption may also be expressed 
by 

_ Ninm X33000 X60 2545Ne 

Ue. SRI REG: HO, 








. (19a) 


If instead of using the fuel consumption Cs per hour, the consumption C per horse- 
power per hour is introduced, we will have the general equation 


2545 
(ideas rent (20) 

As determined by experience, % varies from .40 to .75 according to size and 
quality of engine. %m=.75 to .90. Values for % are given in Tables 3 and 4, p. 13, 
and 19. 


Example. % % "%m Vw 
44&X .72 X .90=.285 
Pee 


y= .317 





| Energy 1oss= 1 —.285 =.715=71.5% of the heat furnished. 


The relation that the various heat losses bear to one another can only be 
determined approximately on account of the uncertainty prevailing with respect to the 
variation of specific heats and dissociation temperatures. It is evident, however, that 
the two main sources of loss are found in the cooling water and in the exhaust gases. 
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The inter-relation® of the-heat converted into work and the heat losses is best made 
clear by means of the entropy diagram in which the ordinates represent absolute 


on temperatures (7), the abscissee the quotient between 
25 quantity of heat and absolute temperature (Q+T7', see 
2 under Entropy in Appendix), and areas represent quan- 
15 tities of heat (Q). The entropy diagram, Fig. 2, has 
a been derived from the indicator diagram, Fig. 1, which 


was obtamed from one of the later models of the 8 

H.P. Korting iluminating-gas engine.! The broken lines 
ee of Fig. 2 represent the ideal heat diagram that would 

have been obtained with a machine operating without 
loss, assuming constant specific heat. (Regarding the construction and evaluation of 
such diagrams, see Fig. 23, p. 41). The real diagram, shown by the hatched area, 
Fig. 2, represents only about 4 of the area of the ideal diagram 


5 


o 





(ni=33.1%, to be exact). Area V;=34.9% represents the heat | 50006 
loss to the cooling water, area V2=33%, the heat lost in the &S 
exhaust gases. & y 

The heat lost due to incomplete combustion is included in é ' 
area Vo. Since the gas particles not burned escape with the £ ‘ 
exhaust gases, this loss by itself is not represented in the diagram. & 7, \ 
But since, as experience has demonstrated, it is possible in &i ; 
very unfavorable cases to lose from 10-20% of the heat by Hil \ 


incomplete combustion, this source of loss is 
by no means negligible. This is of special 
importance since it furnishes the designer with 
a valuable means of improving our present-day 
engines. 

(See also Part II, Valves, and Part IV, 
Combustion. ) 

E. Meyer concludes his ‘‘ Untersuchungen 
am Gasmotor,” quoted on p. 4, with the fol- 
lowing words: ‘It cannot be denied that, in 
many engines in operation to-day, especially Fia. 2. 
those employing the leaner gases, large quan- 
tities of fuel gas pass through the engine unburned, and that the economy of many 
engines can be improved mainly by counteracting the heat losses due to incomplete 
combustion as far as possible by a careful mixing of the new charge.’’ He bases his 
statement mainly on some of his experimental data given in a table in Part IV, 
Subdivision ITI, of this book. 


Qittiu 


& 


4. 





1 From a lecture by C. Linde on “die Auswertung der Brennstoffe als Energietriiger,” given before the 
Verein d. I., 1903. Z.d. V. D. 1., 1903, p. 1509. 
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B. THE VARIOUS CYCLES OF OPERATION 


I. The Constant=-volume Cycle 


1. The thermodynamic examination of the various working cycles is based on the 
assumption, not quite true in actual practice, that the charge, as the carrier of heat, 
is a perfect, ideal gas, which, in a non-conducting cylinder, passes through a reversible 
cycle of operations. With this assumption, the 
resulting pressure diagram is an area bounded by 
four lines, along one of which heat is furnished, 
along another heat is abstracted, while the other 
two are adiabaties. 

If, in such a cycle, Q,; B.T.U. are furnished 
to the gas, while Q. B.T.U. are rejected, so 
that Q;—Q2=Q B.T.U. are transformed into ex- 
ternal work, then in general the thermal efficiency 
of the cycle is (see p. 8 and Appendix). 


ORO 6. 0,0 
see 0, Gr) ee 


Now in the constant-volume cycle, whose 
theoretical pressure diagram is shown in Fig. 3, 
the heat furnished during explosion, 


Q, =Gev(T3 — T>) SWAN Ol, ie ery ei ern) oC ee SRS we) Rae heirs (22) 





0" 








the heat in the exhaust gases, 


Qo=Gerv(T4—T1) Babawe . os as 5 ed at hs ae Fens ee ehete ite . (23) 
hence Q=Q) —Q2=Go(T3—T2-T1+T 1) Bes ies WL ys Ce are as (24) 


Eq. (24) represents the external work done. G is the weight of the charge 
consisting of G; pounds of burned gases remaining in the cylinder from the previous 
combustion, Gp pounds of fuel, and Gi pounds of air. Further, cy is the specific heat 
at constant volume, while 7 and P represent absolute temperatures and pressures for 
points on the diagram marked with the corresponding subscripts. 

Eq. (24) may be written 


Ata Bs ie 1p ; 
Q= Ger] a(t ) 7.(1 7) |: ORS POMC 0. ane (24a) 


ht esd okie Ue 
From this, by use of Poisson’s Law, according to which ror and by substituting 
dies 





the value of Qi, eq. (22) for the left half of the expression in parenthesis in eq. (24) 
we finally derive that 


Q=0:(1-Ft)- Ad on Faas arn eager eh h(E) 
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T; 
au(1— 72) T, 


pee ett 


Q1 PL; 
Le UN ep a = 
TGA ER oe \ Py eae 


1 Sa tte Fess 
n=1-(F) =1- (5). CPS EN ec Bethe ara ee 


Hence eq. (21) becomes | 





But from the same law, 


therefore we may also write 


Ve . ; : Pl 
In eq. (25) 7 3s the reciprocal of ¢, the ratio of compression (which in the case 
of this cycle may be taken equal to-the ratio of expansion 0). Hence finally 
il Pie 
et Peper 2. ei EARL Gop Cece ees . (25a) 


The same final result is naturally obtained when the derivation of the value for 
the efficiency is based upon the energy equivalent L instead of upon the quantity of 
heat Q. In this case it will simplify matters if the computation is made with the 

V;, 
specific volume v= of one pound of the charge. 


The absolute energy represented by the expansion stroke is 


P3vc Ve 2-1 Pvc 1 
Presale | ar =): die Sy otis ea ene ay 


The work of the compression stroke is 


Pove Ve ai Pov 1 
Lea oe |1 (2) | (1 =r). Pople cca (o> cou ea ange em OOD) 
Subtracting (26a) from (26), the available energy of the theoretical diagram will be 
P30c 1 Pove 1 
I= Z8%(1— 1) (1h) 


See my) = FAO =r): eo re 27) 


x—1 geet z=1 et 























Now the energy equivalent of the amount of heat Q furnished the cycle is 


(P3—P2)ve 








Qs CwVe z 
De AR oe eee Sos 
From (27) and (28) then 
Pearle ot ) 
bed ee oe ese | era! : 
Lane e 
x—1 
or, as before, 

ees geo (aan 


ex—1 % 
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Eqs. (25) and (25a) show that the thermal efficiency of the constant-volume engine 
depends first upon the ratio of compression ¢, increasing as the compression pressure Py 


increases, and second, that it varies in direct ratio with the value of x=—. It is true 
Cv 


that the influence of x is small as compared with that of a variation in ¢, but the 
difference may amount to 6 or 8% of the minimum value, as shown by the following 


Example. Assume the following constants for two different illuminating-gas mixtures: 








Mixture. Ratio Air to Gas. é o 
it 1 to 6 5 1.354, then m=1—(4)354=.435 
II I oy eas, an 1.383, then 72=1—(4)393=.461 
. 461 — .485 
Difference ves — 206 =6%. 
435 


The weaker mixture therefore shows a thermal efficiency 6% higher than that of 
the rich mixture. An additional advantage is that in practical operation, the weaker 
mixture burning at a lower temperature will lose less heat to the jacket water. It is 
therefore advisable in gas-engine practice to use lean mixtures and to compress these 
to a high degree.! 








TABLE 3 
THERMAL EFFICIENCIES y; OF THE CONSTANT-VOLUME CYCLE FOR VARIOUS VALUES 
¢ AND « 
| | | | | | ear! | | 
Kor ¢= eee Olea e2so: von wie A) 3840) 4.5 5.0 6.0 | COS 4) P80 | 9.0 10 
| | | | | | | 
omni 20). ie 1s | 0.129 | 0.167 | 0.197 | 0.221 0.242 | 0.260 | 0.275 | 0.301 | 0.3822 | 0.340 | 0.356 | 0.369 
1 ie) i ie a eee 0.159 | 0.205 | 0.240 | 0.269 | 0.293 | 0.313 | 0.331 | 0.361 | 0.385 | 0.405 . 0.423 | 0.488 
Bor g=1.80.-2..00.- 0.188 | 0.241 | 0.281 | 0.313 | 0.340 | 0.363 | 0.383 | 0.416 | 0.442 | 0.464 | 0.483 | 0.499 
Ome R— Oe trent. ol | 0.216 | 0.274 | 0.319 | 0.355 | 0.384 | 0.409 | 0.431 | 0.466 | 0.494 Ob Oro37 0.553 
oraaesal 402 cece ac | 0.248 | 0.313 | 0.363 | 0.402 | 0.434 | 0.460 | 0.483 | 0.520 | 0.550 | 0.574 | 0.594 | 0.611 
| | | | 














2, Practical Considerations. The rule just developed does not of course apply in 
practice without qualification. In the first place, contrary to the assumptions above 
made, the real cycle is not a closed one. Further, the expansion and compression 
lines cannot be adiabatic, because the cycle is carried out in a cylinder the walls of 
which are strongly cooled; and lastly, the charge does not behave like a perfect gas 
because chemical changes occur during the cycle. Nevertheless, its accuracy is attested 
by the fact that.in practice the indicated efficiency 7: can be considerably improved by 
increasing the amount of compression. In order to produce this net result, therefore, it 
must be assumed that the contradictory influences at work during the cycle operate in 
such manner that those tending to increase the efficiency balance, or rather over- 
balance, those tending to lower it. The purely practical advantages of high compression 
are in themselves of some importance; it increases the temperature of the charge 
before ignition, decreases the distances through which the flame must propagate, 
decreases the external cooling surfaces, and diminishes the proportional admixture of 
the burned gases to the new charge. All of these effects tend to improve the process 


1 The advantages of the use of lean mixtures, as regards the effect on thermal efficiency, are especially 
marked if it is assumed that specific heats increase with temperatures. See p. 4. 
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of combustion and to decrease the loss to the cooling water. In the endeavor to 
utilize to its fullest degree this means of improving the economy of internal-combustion 
engines, the compression pressure has been increased step by step from 3 or 4 atm. 
to 8 or 10 (in the case of illuminating gas) and to 12 or 16 atm. (in the case of lean 
gases). Attempts are made to raise the upper limits even beyond these values, but it 
must be remembered that the upper limit is set by the approach of the compression 
temperature to the ignition tempera- 


pe [aio eet) Re eee ture of the charge. It is therefore 
Oe 2 on ee ee ee eo interesting to examine into the degree 
ie 






of success these endeavors are likely to 
have. : 
Vig. 4 shows the increase of % with 
a variation in the compression ratio ¢ 
from 2 to 15, assuming that x is con- 
stant at 1.35. It will be noted that the 
increase in % is less and less rapid, 
and that beyond «=15 it increases but. 
very little. But, as has been shown 
on p. 9, the practical criterion of the 
Sa Pg a FS 6 ny ee eS a ee value of a machine is not the vaiue 
Fic. 4.—Relation between Compression and Efficiency. Of %, but that of %w=%%"%m. The 
effect of variation in the compression 
upon the factor yg is indirect and is difficult to express numerically. In any case it 
is small, and the injurious effect, for instance, that a lowering of the compression may 
have upon the process of combustion may be easily counteracted by making the 
charge richer and thereby obtaining more effective ignition, etc. If therefore mg is 
neglected, we may write, for all degrees of compression 


Wo== Nim: ey 6 hk «5 











MES Aeee 

















a 
N 





eS esos 
al ve 

















which states that the economy of the gas engine is a function of its thermal and 
mechanical efficiencies only. But while % may be accurately computed in all cases, we 
possess absolutely no numerical basis for the determination of jm. There is up to 
to-day no formula which gives the frictional resistance likely to be encountered in 
internal-combustion engines with even a fair degree of accuracy. We are therefore 
compelled to depend upon experience, which so far seems to have brought out the 
following facts: 

(a) That the mean frictional resistance p,, based on one square inch of piston area, 
increases with the compression, all other conditions remaining the same; and further 

(b) That this frictional resistance p, is either entirely independent of the mean 
indicated pressure p; or varies with it in the inverse ratio. (Compare for instance the 
experimental data in several tables in Part III.) 

To obtain a fairly approximate idea of the value of pr, a curve has been drawn 
in Fig. 4, showing the relation between p, and ¢ for a number of the larger gas 
engines. An examination of the available data shows that, excluding some very 
irregular figures, pr varies according to a law that may be approximately expressed by 


pr=.94V pe lbs. per sq.in, sto Sea heey lam oe poh at eR 


The derivation of an absolutely general exact equation fails on account of the 
varying conditions of design and of operation. The relative positions of the pe and pr 
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curves in Fig. 4 indicate that pr increases at a much slower rate than pe. Now from 
eq. (30), 7’w does not depend upon p, but upon 


_Ne_ pe 
WONG pe 
and since pe=pi— pr, that is, since 
Di Pr 
ere eee Oren hoe tae ee 
7 a (32) 


it follows that an increase in the mean frictional resistance of the engine does not 
decrease the mechanical efficiency ym, provided there is an adequate increase in the ‘ 
specific capacity of the engine, as measured by the factor p:. To this condition is 
principally due the fact that our modern engines, working with compression pressures 
from two to four times those employed in the first Otto engines, still show a 
mechanical efficiency fully the equal of that found in these early machines. 

Eq. (30) in conjunction with eq. (25a) gives 


: 4 — Pr 1 i — Pr 
Hanah Pn (1-2)(2 Pr), CORA oe ge, le wana) 
Pr € Pr 


from which it follows that a further increase of compression ceases to be beneficial as 
soon as it 1s obtained at the expense of pi, t.e., as soon as it is rendered possible only by 
making the mixtures extremely lean. 

® The curve for ym in Fig. 4 was constructed by computing values for the mechanical 
efficiency from eq. (32), substituting values of p; as found from practice. This curve 
shows that up to «=8, i.e, pe=appr. 140 lbs. per sq.in., the decrease of ym is but 
slight, but after that its value drops rapidly. The reason for this decrease is twofold; 
on the one hand it is due to the increase of all the engine dimensions to resist the 
increasing pressures (see p. 68, Part II); on the other, it is probably largely due to 
the fact that the mixtures will have to depart more and more from the normally best 
mixture as the compression temperatures approach that of pre-ignition of the charge. 
The use of leaner mixtures results in lower values of pi, and this, according to eq. (32), 
means a decrease in jm. 

The product %%m is finally shown in the curve marked 7’w, Fig. 4. Up to ¢=8, 
for which pe=appr. 210 lbs. per sq.in., the rate of increase of 7’w is quite rapid. The 
maximum value is reached for «=10, pe=appr. 280 lbs. per sq.in. Beyond this, an 
increase of ¢, instead of showing a further increase, shows a decrease in 7’w. We 
conclude from this that in constant-volume engines the use of compression ratios beyond 
e=8 does not result in further material gains in the economic efficiency, and that the 
economic limit of maximum compression will lie between 210 and 280 Ibs. per sq.in. 
This conclusion does not apply to constant-pressure engines, because for these the 
value of % follows a different law, and because nm decreases more slowly on account 
of the generally greater value of m (see p. 9). . 

The probable maximum value of the erplosion pressure pz may be found from the 
following considerations: from p. 34, we have 





peas 7,4 2 

De T. and T= Te+ ee ; 
i.e., the increase in pressure is proportional to the temperature increase, and the latter 
is proportional to Q;. High explosion pressures, desirable from the standpoint of 
high specific engine capacity, can therefore be obtained only together with high 
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temperatures, which means with rich mixtures. But such mixtures cause greater 
heat losses in cooling water and in exhaust, to say nothing of some practical 
difficulties. Engines using rich illuminating-gas mixtures with comparatively low com- 


pression pressures show an average pressure ratio in the neighborhood of Pee 


Cc 

The same mixtures used with high compressions would produce explosion pressures 
exceeding 50 atm. and explosion temperatures far in excess of 3800° F. To avoid such 
dangerous pressures and temperatures, the means generally used is to decrease the heat 
contents of the charge in engines using high compressions, so that the explosion 
pressure shall be from 2.5 to 3 times the pressure of compression, i.e., from 25 to 
30 atm. Under such conditions the dimensions of the engine parts remain within 
reasonable limits, and the heat is much better utilized, as experience has shown. It 
is quite likely, however, that in time the economic compression limit of from 16-18 
atm., which was referred to above, will be approached, resulting in explosion pressures 
in the neighborhood of 40 atm.=app. 575 lbs. The use of the still higher working 
pressures cannot be justified either on the ground of economy or from the standpoint 
of design. 


II. The Constant=-pressure Cycle 


1. Thermodynamic Examination of the Constant-pressure Cycle. In the older 
constant-pressure engines (Brayton, Hargreaves, Brtnnler, etc.) the taking in and 
compression of the charge, combustion, expan- 
sion, and exhaust were carried on in two sepa- 
rate cylinders. By combining in- Fig. 5 the 


pump diagram a12b with the power diagram 





o0a63, we obtain the net energy diagram 


0123. used in the investigation. 

If it is assumed that G pounds of 
burned gases are expanded to atmospheric pressure po Ibs. per sq.in., we have, see 
Fig. 5, 








Heat supplied, 01 =e? y= T) BLU. GON.) 

Heat discharged, GoeiGce (lyn TL pbk Wan te ee bee ee ; (34) 
Hence heat transformed is 

Q=01—Q2=Gep(T3—T2—To+Ty) B:T.U.. . 2. 2s 2) s "@S) 


and the thermal efficiency 


_ Gep(T3—T2—To+T)) oy Hop 


UT) Gep(T3— Ts) Tp STG eat eee 





(36) 


Assuming adiabatic compression and expansion, 


iy i panels 


Dee Tie 


T E. . 
-7, or m=1—-— Shieh ois Si (awn olan wees eepoe CataCA) 
& 


Hence T= ian 
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According to Poisson’s law, however, 


T» V \2-1 1 
—-_ = | — = ee 
Ty Ve 


T 1 
ee an eet ey eee (8) 


< 


and therefore finally 
M=1- 





¢ 

The expression for the thermal efficiency of this cycle is therefore the same as that 
df the constant-volume cycle, eq. (25a) showing that the efficiencies of the two cycles 
are the same when the ratio of compression is the same in both. I 
It should be observed, however, that for the same cylinder volume or h Pe 
piston displacement in each case, the constant-pressure cycle is less 3! 
efficient than the constant-volume cycle because of the necessarily lower 
compression pressure. If, on the other hand, the same maximum com- ; 
bustion pressure be assumed in each case the balance -is in favor of the Pel: 
constant-pressure cycle. On account of the resulting high compression art. 
temperatures in the constant-pressure cycle, the latter can then only 
be carried out by separate introduction of fuel. 
This is the principle of the Diesel engine, to 
which Fig. 6 and the following computations 
mainly refer. The final result of the investiga- 














tion is not affected in the least if the ignition | 4#_~-== 

of the charge, instead of being brought about se pec aags isa saree yre eae Ts = 

by the heat of compression, were caused by any Pia ae a rh 

other means. SS ey =>} 
In constant-pressure engines already con- Fic. 6. 


: 

structed, the compression ratio c= 7p is generally greater than the expansion ratio 
V . Ve . ° ° ° 

Oa The cut-off ratio p= 77 varies with the load on the engine. This fact affects 
z c 

the efficiency of the process, as shown below. 
With the notation of Fig. 6 


C= Gen a= Lae eer eigh aaah an re een oe AG) 
Qe=Ger(T4—T7}), ee CeO remem Olek Sirine Ons ity agree (88) 
and the heat transformed to external work again is 


Q=Gey(Ts~ Ts) ~Geo(Ts—T1) = Gop Ts Be eee ) On ie a ae (39) 


x 











e We u 
Now T3 a= Tos = T 20, and T4 = Ty 7) J T 0". 
Hence Que Gepls Wm Lyin, So apetraeay We, er oy as een ace 
and Os= GEL ge D ns lato | Seater, Sic ae ci) 
F Qe GoT; (0% — iy 
3 Te 40 
from which H=1 oy 1 GrsPege 1) (40) 
' Cy 1 ii, il 
Ue ee finally 
But ae and i hence finally 
1 ot-1 
N= ese e1(p—1) (40a) 
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Still clearer is the following derivation of the final equation: 








Ete 
Ger(T4—T1) Slay ma 
oy Seah DIE a 41 
u=-1-aoop ty aT Te (41) 
S| 
T2 
or, since for the constant-pressure line we can write 
fi Sen ee Nhe: Ve te Lae z—1 
Tete and 7 (7) ’ and Te ) 
T3 x 2\* 
=3)\"-1 oe eae 
. hei ee FE () 
einen Ae ef la jn a mts Maye rey saan 3! 
we obtain nt=1 aT ae 1 xT Le ) (41a) 
T Ve 
ane Vz 
which, by substituting Danrete and =P) reduces to the form of eq. (40a). 


The same equation may be derived by using the ratio of the energy equivalent 
L of the heat Q; supplied to the work Ls represented by the theoretical pressure dia- 
gram, Fig. 6, as follows: 


Basing the computation again on the specific volume v=~ of one pound of the charge, 


G 
we have 
= ioe ool 
MAR 





toi =. Pa(ve— Vc) BE rk oat) . a te el, be (42) 


The total energy of the combustion and expansion stroke is 





La=Po(ve— ae (1-525). « . ge Ms Ae 


The work of compression is found from 


i roe LA (1 . ) . . . e . . . . e ° e. ° ° ° ° (44) 


x—1 gr 





The available energy then is 


oe = | Pa(e—v) ae at (1 - ser) oe (1 -r), eee (45) 


from which, by dividing by the value of LZ from eq. (42), it finally follows again that 
Le 1 o7 —1 
MT a ae || 


Therefore the thermal efficiency of the constant-pressure engine (of the Dvesel type), 
besides depending upon the values of the compression ratio « and the ratio of specific 
heats x, also depends upon the cut-off ratio po. Further, the influence of this factor 
is very marked, as may be seen from Table 4, which has been computed from 


a2 =467 Ibs., 2 =1.30 and 1.41, and p=from 1.50 to 3.0. 








ibge= 





eq. (40a), assuming that po= 
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TABLE 4 


THERMAL EFFICIENCIES (7,) OF THE CONSTANT-PRESSURE CYCLE FOR P,=467 LBS. AND 
VARYING VALUES OF o, ¢, AND zx 











e= 1.50 1.75 | 2.0 | 2.25 2.50 2.75 3.0 
r=1.3 e=16 | y= 0.535 0.522 0.512 0.499 0.488 0.479 0.471 
x=1.41 e=13 | nt =0.616 0.602 0.588 0.576 0.564 0.552 0.540 








The inter-relation of the various factors expressed by eq. (40a), i.e., the rule for the 
value of %, finds full corroboration in practice in that the indicated thermal efficiency 
7; of Diesel engines always shows an appreciable increase for decreasing loads, that is, 
for smaller values of o and greater values of z. 

In constant-pressure engines as constructed, owing to the injection of the fuel, there 
is an increase in the charge weight G during combustion. In the case of liquid fuels, 
however, this increase is not considerable and in any case, on account of the variation 
in amount, it would be very difficult to consider its effect in a formula generally 
applicable. Eqs. (37) to (45) therefore do not apply to oil engines with absolute 
rigidity. The exact treatment of the case would give slightly lower values for %, 
because, owing to the increase in G, the heat discharged Q, will be somewhat greater. 
In the case of constant-pressure engines using gas, this increase in charge weight, 
however, cannot be neglected in thermal investigations, because, depending upon the 
kind of gas, the fuel might under certain conditions constitute one-half of the total 
charge. It is unnecessary to take this matter up in detail at this time since constant- 
pressure gas engines (of the Diesel type) are to-day of no practical importance. 

2. Practical Considerations. The Diesel constant-pressure engine for liquid fuels 
(the only representative of this type of engine) at rated load usually works with a 
cut-off volume equal to 10%, for which o=2.5. Assuming that x=1.41, the thermal 
efficiency of this cycle then is %=.564, from Table 4. A constant-volume engine 
showing the same maximum explosion pressure (=approximately 467 Ibs.) would have 
to show a compression pressure of from 185 to 210 Ibs. per sq.in., that is «=7. 
Assuming again that +=1.41, the thermal efficiency of this cycle from eq. (25) or (25a) 
would be %=.55. The difference is therefore only 1.5% in favor of the constant- 
pressure cycle. But this advantage disappears with greater values of po, and with 
e=2.75 the balance is already the other way. Based upon the conditions of equal 
maximum pressures in the cycle, which is the only correct basis from the standpoint of 
both design and practice, the two methods of operation are therefore very nearly 
equal. The constant-pressure cycle offers a fundamental advantage only then when its 
maximum pressures of operation far exceed the limit of maximum pressures, set by 
ignition, for the constant-volume cycle. That, however, is not the case in the present 
Diesel engines, because the maximum pressures of from 475-500 Ibs. occurring in these 
engines can be easily reached and safely handled in constant-volume engines. The 
undoubted superiority shown by Diesel engines is therefore not so much due to the 
different cycle of operation used by them, but mainly to some purely practical features, 
among which may be mentioned very perfect vaporization of the fuel oil and the 
instantaneous mixing and combustion of the oil vapor. These advantages, however, are 
peculiar to the oil engine only, and would have no bearing if gas were used as fuel. 
For gas fuel, therefore, the constant-pressure principle possesses theoretically no 
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advantage over constant-volume operation; in practice, from the view-point of design 
and operation, the former even labors under a decided disadvantage as compared with 
the latter. : 


III. Thermodynamic Aspects of the Two Methods of Operation 


The appearance of Diesel’s pamphlet and, a little later, of his engine, was 
the. direct cause of a number of scientific investigations on the various methods 
of operation which did much to clear the old question concerning the best operating 
cycle. 

To supplement the author’s own view of the question, as outlined in the previous 
paragraphs, the essentials of the most important of the investigations mentioned are 
given below. 

1. Prof. Schéttler, in his thermodynamic examination of the Diesel cycle, comes to 
the following conclusion:! “Compared to the constant-volume cycle, the efficiency of 
the Diesel cycle is very inferior, unless very lean mixtures and consequently large 
cylinders are used. The latter cycle, however, possesses the advantage of lower 
temperatures and also obtains the benefit of the good effect, already mentioned, that 
lean mixtures have on efficiency. In fact, to the use of lean mixtures may be traced 
the excellent regulation of Diesel engines.” 

Schéttler carried out a very extended investigation on the three methods of 
operation (combustion at constant volume, at constant pressure, and at constant 
temperature). Some of the results of his numerical comparisons are given in Table 5. 
In summing up his final conclusion he says: “From all this it follows that the cycle 
introduced by Diesel certainly has undoubted advantages, but that it is quite possible 
to obtain excellent results also by the use of the other processes of combustion. Just 
how the various advantages and disadvantages will manifest themselves in actual 
practice is hard to-say off-hand. It should be distinctly mentioned, however, that the 
excellent showing of the Diesel engine is not due to the attempted close approximation 
to the Carnot cycle, but (since pressure rather than temperature is the determining 
factor) that its practical suecess is a result of the introduction and use of high 
pressures.” 

In Table 5, V stands for the cylinder volumes required by 1 kg. of gas, the 
meaning of the rest of the notation being the same as before. As all figures are 
relative only, this table has not been transposed to English units. A study of the 
figures given again shows that the methods of operation marked (a) and (6) are of 
nearly equal value, while method (c), that is, combustion at constant temperature, as 
laid down in Diesel’s ‘Rational Heat Engine,” and covered by his patent, gives 
thermal efficiencies less by from 15-20% than the results obtained by the other 
two cycles under the same conditions. It is therefore not surprising to note that 
the later Diesel machines, operating with combustion at constant pressure, show a 
greater efficiency than the early machines attempting to use so-called isothermal com- 
bustion. 


1 Schéttler, Die Gasmaschine, 3rd ed., p. 228. 
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TABLE 5 


COMPARATIVE VALUES OF 7 AND V FOR VARIOUS METHODS OF OPERATION 














Maximum Pressure 50 atm. Maximum Pressure 100 atm, 
2 : z Kegs. of Air and = ; Cgs. i 
Kgs. of Air to 1 Kg. Burned Gas re Kgs. of Air to 1 Kg. preeeiteis 
of Gas. 1 Kg. of Gas. of Gas. 1 Kg. of Gas. 
| 
50 100 50 100 50 100 50 100 
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2. Prof. Donat Banki, in a comprehensive article “Zur Theory der Warme- 
motoren,”’ ! comes to the following final conclusion: 


“From all investigations so far carried out it is without doubt necessary to raise the 
pressure in the cylinder of all types of engines as high as practicable. We therefore obtain a 
correct basis of comparison for the different kinds of engines, if we draw our curves with reference 
to the maximum pressures existing in the cycle, that is, existing at the end of the heat supply.” 

A study of the curves of total efficiency (i.e., economic efficiency yw) brings out the following 
facts, important in their bearing upon the design of heat engines: 

The total efficiency increases in all cases with the amount of heat furnished per cycle. The 
curves for nw, Fig. 7, at first show a rapid rise as the pressures increase,’ but beyond a certain 
pressure the change becomes more gradual. For a small quantity of heat supplied (180 B.T.U. 
per lb. of air) the curve shows a slight decrease; for a heat supply greater than that, however, 
jw is steadily increasing in the pressure range investigated. 

The curves for the constant-volume engines rise more rapidly than those for the constant- 
pressure engines; the former therefore intersect the latter. The point of intersection, however, is 
found further into,the field, the greater the heat supply. For a supply of 180 B.T.U. per lb. of 
air, for instance, it is located near 10 atm. (140 lbs.), for a supply of 360 B.T.U. it is found 
near 25 atm. (360 lbs.), for 540 B.T.U. near 60 atm. (1000 lbs.), and for 720 B.T.U. the point of 
intersection is above 100 atm. (1400 lbs.). With due reference to practical pressure limits, 
450-600 lbs., we conclude, therefore, that for small supplies of heat the constant-volume engine, 
and for larger supplies the constant-pressure engine, will show the greater efficiency, always pre- 
supposing adiabatic compression. 

The curves for isothermal combustion show far lower efficiencies than those for the other 
two engines using adiabatic compression. Besides this, this cycle has the disadvantage of being 
adapted to the utilization of comparatively small quantities of heat only. Hence a machine 
using this method of operation has in any case little to recommend it in practice, and for that 
reason isothermal combustion will not be further considered. 

In engines using isothermal compression, we obtain acceptable efficiency figures only if, in 
the case of the constant-volume engines, the heat supply is at least 360 B.T.U. per Ib. of air, 
and in the case of constant-pressure engines at least 540 B.T.U. At a heat supply of 540 B.T.U. 
the efficiency curves for constant-volume engines with adiabatic compression and for those with 
isothermal compression approach each other very closely; for a heat supply of 720 B.T.U. they 


1Z. d. V. D. I., 1898, p. 893. 

2The position of these curves of efficiency furnishes the explanation for the fact that the earlier 
constant-pressure engines (Brayton, Simon, ete.), all of which operated with low pressures, show an 
efficiency so much inferior to the Diesel engine, in which pressures up to 600 lbs. are used. It also makes 
clear why hot-air engines, in which, besides low-working pressures, we also have small quantities of heat 
supplied per unit of air, have such insignificant performances to their credit. 
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nearly coincide. The efficiency curve for the constant-pressure engine with isothermal compres- 
sion shows inferior results even for a heat supply of 720 B.T.U., and it is further evident from 
this curve that it is useless to employ compression pressures in excess of 30 atm. (420 lbs.), since 
the losses not considered in this investigation (leaky piston, valves, etc.) would probably over- 
balance the slight theoretical gain shown by the curve. 
Assuming that rich mixtures are used, we may say that, concerning the effect upon the 
efficiency of constant-volume engines, it is immaterial whether the charge is cooled during compression 
or not, as long as, through proper choice of compression space, the explosion pressures in all cases 
reach the allowable maximum. Without affecting the efficiency, therefore, it is possible to cool 
to such an extent as to make the compression curve an isothermal. But in such case it is 
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Fig. 7.—Influence of the Heat Content of the Mixture upon Economic Efficiency )y. 


a=Explosion engine with adiabatic compression. b=Constant pressure engine with adiabatic 
compression. c=Engine with isothermal combustion. d=Explosion engine with isothermal compression. 
e=Constant pressure engine with isothermal compression. 


necessary to make the compression space smaller than for adiabatic compression, in order to 
obtain the same explosion pressure. 

For constant-pressure engines, the case is quite different. In this type of machine, cooling 
during compression has an unfavorable effect wpon engine efficiency. 

Now, in practice adiabatic compression is not possible on account of necessary cooling of the 
cylinder walls. Hence the efficiency curve of the constant-pressure engine with adiabatic com- 
pression will approach the curve for the same engine with isothermal compression, that is, the 
former will in practice nearly coincide with the curves for the constant-volume engine, or may 
even fall below the latter. 

The results of our investigations may be concisely stated under the following heads: 

a. The supply of heat should be as large as possible (i.e., use rich mixtures). 

b. The method of introducing the heat to the cycle deen not affect the efficiency, ouided 
the combustion is somewhere between that at constant volume and that at constant pressure. 
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c. In constant-volume engines, the charge may be cooled at will during compression; in the 
constant-pressure cycle, on the other hand, the degree of cooling should be confined to the 
absolute minimum required for the safety of the cylinder. 

d. The maximum pressures in the cylinder should approach 450-600 Ibs. 


3. Prof. E. Meyer, in a very thorough dissertation entitled ‘‘Die Beurteilung der 
Kreisprocesse,” . does not, like the two investigators previously quoted, start with 
equal maximum pressures in the cycle, but proceeds on the assumption that the 
compression pressures are the same in all cases. He considers each cycle (after the 
manner of Zeuner and others) as the sum of a number of infinitesimal, perfect, 
elementary cycles, each formed by two adiabatic and two isothermal lines; and on this 
basis develops a treatment of great simplicity and clearness which applies with equal 
uniformity to all types of cycles.1 


From a study of the cycle of Carnot, together with the fundamental facts established by 
the mechanical theory of heat (first and second law of thermodynamics), it is easy to see that 
where work is performed by a quantity of heat falling from a fe 
higher to a lower temperature level, the amount of work so de- f ae 
veloped depends only upon the quantity of heat concerned and | 
upon the difference in temperature between the two levels. For | 
the purpose of a critical comparison of the various cycles, how- | 
ever, only that Carnot cycle is suited for which the quantity | 
of heat dQ supplied along the upper isothermal (temperature 7’) 
and the quantity of heat dQ, discharged along the lower iso- | 
thermal (temperature 7.) are infinitely small, so that the two | 
adiabatics are infinitely close together. Under such conditions, it is + ey 
possible to divide any cycle into an infinite number of elementary ie veel ; ae, 
cycles, by means of a series of adiabatics, Fig. 8. With insignifi- eis. Sie 
cant error, we may assume that the various heat elements dQ,’, 
dQ,’ are each supplied at constant temperature, and that the heat elements dQ,’, dQ,’’ are 
each discharged at constant temperature. Then the equations applying to the Carnot cycle in 
general of course apply to the elementary cycles, and we may write for say the nth cycle, 
using Zeuner’s notation, that 


TO —7,”) ju ey 
AdL=4Q.) —qy and ey 


From this we at once derive the following important rule for the condition of best efficiency 
in a heat engine. Each heat element supplied to a working fluid operating in a cycle should be 
supplied to the cycle at the highest possible temperature, and each heat element discharged from 
the cycle should be rejected at the lowest possible temperature. In other words, the endeavor 
should be to make the temperature limits as wide as possible in each of the elementary cycles. 
This is the fundamental requirement that must be fulfilled. But it should be noted that, in 
general, this requirement does not mean that the total heat 


Qi =dQy +dQi" +dQ/" +... 


supplied the cycle should be supplied at a single temperature, i.e., along an isothermal with 
finite expansion, and that the total heat 


Q, Se dQ,’ ae dQ),!’ AP dQ,/”’ AP AO 


discharged from the cycle should be rejected at a single temperature, i.e., isothermally. This 
would result in a Carnot cycle with finite expansion. Almost without exception the various 
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heat elements composing the total heat supplied a cycle are not at our command at a single 
constant temperature, and in the endeavor to widen the temperature limits of each individual 
elementary cycle as far as possible, this very fact would lead one to constantly change the 
temperatures of supply and of discharge. Only in the case that all of the heat units supplied 

to and all of those discharged from a cycle are available at constant 


Ty \2@ temperature, i.e., when the “sources of heat” are at constant temper- 
Bats ature, a case which in the theory of heat engines is the exception, 
may the Carnot cycle be said to be the ideal. 


obtain the greatest possible efficiency, and what method of combustion 
is best adapted to this end. In this discussion it is assumed that the 


! 
| 
l We will next consider the question how in a gas engine we may 
gas-engine cycle is a closed cycle, and that the heat Q, is itself in- 


72 Po v2 troduced into the cycle from an external source, but it is hardly 
[afte eae eee ¥ @Q@ necessary here to prove why any of the assumptions are permissible 
Fic. 9. without great error. Under these conditions the best criterion for the 


value of the various cycles is again obtained by dividing each into a 
number of elementary Carnot cycles. Let Fig. 9 represent one of these cycles, composed of 
two adiabatics and two infinitesimal isothermals. With the notation of Fig. 9, we may write for 
a perfect gas that 


ee), 


Now during the introduction of the infinitesimal heat element dQ,, the values of p, and % 
undergo but infinitesimal changes, hence we may consider these values the same at the end of 
the isothermal change without great error. The same reasoning applies to the expression 


re, 


R 
Therefore the efficiency of the elementary cycle under discussion is 
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and finally, since from the adiabatic law p,v,*=p,v,.", we obtain * 
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The above expression, however, may also be considered as having been derived by the use 
of an elementary cycle in which the heat is supplied at a constant pressure p, and rejected at 
a constant pressure p, Depending upon which of the two methods of division gives the clearer 
insight into the case, the choice may therefore be had between this type of elementary cycle 
or that of Carnot. ; 

To prevent any misconception, however, it should be noted at this point that the expression 


fice is derived by aid of the fundamental laws of thermodynamics and the fact that 





in 





a 
temperature is a measure of heat energy, and is consequently applicable to all substances 
k-1 k=l 
pote ae 
without exception; while the equation 7=~——,—,—— is derived from the former by use of 
SEF) 
Pi 


the formula pu=RT and the adiabatic law, and is therefore applicable to gases only. Note 


1The exponent k here used by Meyer is the same as our a=, 
* v 
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especially that for the same pressure limits p, and p,, the efficiency 7 depends upon the nature 
of the gas, which fact is expressed in the value of the exponent k=". The lowest value which 
cy 


may be assigned to the temperature T, is that of the atmosphere; even if the working fluid 
should reach this temperature under a pressure higher than atmospheric, so that if by further 
expansion a lower temperature might easily be reached in the cylinder, this would not improve 
the efficiency. On the other hand, it is of advantage to have the pressure p, as low as possible, 
even much lower than atmospheric pressure, as long as the corresponding temperature is higher 
than that of the surrounding air. This is another point that should be carefully kept in mind 
when using the two kinds of elementary cycles. 

From the foregoing discussion it follows that, in order to obtain the greatest efficiency from 
a cycle, it is necessary to supply each heat element at a pressure p,, and to reject the part 


of each element not utilized at a pressure p,, so that the ratio Pr shall be as large as possible. 


2 
From this again we may conclude that, given two fixed pressure limits, that cycle is the most 
efficient in which the heat is all supplied at constant pressure at the upper limit and the 
heat not transformed is all discharged at constant pressure at the lower limit, just as the 
Carnot cycle is best for fixed temperature limits. It is therefore quite illogical to assume that 
either one of these cycles can be the ideal in all instances, and to use either one of them to 
determine the available energy for all cases. 

In the case of gas engines there is one other point that should be specially noted. As 
already pointed out, the lower limits of pressure in heat engines at which heat is-given off to 
the cooling water, are not in general set by any physical reasons as long as the temperature 
of the working fluid at these pressures is higher than that of the cooling water. In steam 
engines, for instance, in which the lower temperature is produced by water injection into. the 
working fluid, the rejection of heat occurs actually under a considerable vacuum. The case of 
the gas engine (with the exception of the atmospheric gas engine) is quite different. In this 
machine a lowering of the pressure in the cylinder below that of the atmosphere is alwayst 
undesirable because the burned gases must be forced out into the air. The production of the 
lower temperatures in gas engines by means of water injection has not yet been tried, and in 
any case the method would seem to offer considerable difficulties. In practice, therefore, in the 
gas engine we have a fixed lower pressure: p, can at no time become appreciably. smaller than 
atmospheric pressure. Hence the requirement for best efficiency in the gas engine may be 
restated as follows: Each heat element introduced into the cycle must be furnished at the 
highest pressure possible, and the total heat rejected should be discharged if possible at 
atmospheric pressure. This statement explains the great advantage of compression in the gas 
engine. 

The reason for this advantage may also be made clear in another way. Of the two require- 
ments for best efficiency in a gas engine, i.e., heat supply at the highest and heat rejection 
at the lowest possible temperature, the former is fulfilled with very great ease. For even at 
atmospheric pressures we obtain temperatures during combustion as high as 2700° I’. and these 
in themselves are certainly high enough to guarantee a fair degree of efficiency. On the other 
hand, there is difficulty in rejecting the heat at temperatures that are low enough. At the 
present state of development of the gas engine, low temperatures of rejection can only be 
obtained by allowing the working fluid, after it has attained its highest temperatures, to expand 
adiabatically as far as possible. But since the lower limit to this expansion is set by the 
pressure of the outside air, nothing remains but to supply the heat to the cycle at the highest 
possible pressures. 

Bearing in mind the knowledge thus gained, it is now easy to answer the question as to 
which type of pressure line promises the best efficiency. To this end we compare the process 
of combustion at constant volume, Fig. 10, with that at constant pressure, Fig. 11, and that at 
constant temperature, Fig. 12, and it is assumed in each case that at the beginning of combus- 
tion the mixtures shall have the same temperature 7’e and the same pressure pe. It is further 
assumed that in each case the expansion is carried to atmospheric pressure. Now divide each 
one of the cycles by a series of adiabatics into an infinite number of elementary cycles (for 
the purpose of clearness only three of these are indicated in each case). Each member of the 
series of elementary cycles receives consecutively the equal heat elements dQ,’, dQ”, dQ,’” ...dQ\™. 
An examination of the figures then discloses the following: 
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In the process of combustion at constant volume, each heat element dQ,’, dQ,’”..., intro- 
duced into the cycle, is utilized to raise the temperature and especially the pressure for the 
introduction of the next succeeding element. Since, however, in all of the elementary cycles, 
expansion is carried to the same final pressure (atmospheric) this process of combustion tends 
of itself to widen the pressure limits for each succeeding cycle, and thus each elementary cycle 
has a higher efficiency than the one preceding it. 

In the case of combustion at constant pressure, only a part of each heat element dQ,’, 
dQ,’”’... is utilized to raise the temperature for the next succeeding element. But since the 
pressure at which all of the elements are introduced remains the same, the efficiency alsu 
remains constant from elementary cycle to elementary cycle, each efficiency being the same as 
that of the first elementary cycle in the cycle using combustion at constant volume. 

The case is even less favorable for combustion at constant temperatures. Here during the 
introduction of each heat element the pressure rapidly decreases, so that the pressure limits 
become narrower from cycle to cycle. The efficiency of the elementary cycles therefore constantly 
decreases as combustion proceeds because the ratio of expansion is growing constantly less. 

It follows directly from what has been said that, starting with equal compression pressures, 
combustion at constant volume shows by far the better efficiencies, while combustion at constant 
temperature shows very inferior results. 
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It is also easy to see, with the notation of Figs. 10, 11, and 12, and assuming that 
dQ,’ =dQ,” =dQ,'" =dQ,™, that the following equations must hold: 
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and from these it again follows that combustion at constant volume is more efficient than 
that at constant pressure, and this in turn gives better results than isothermal combustion. 

On account of the fact then, as shown above, that, for any given compression pressure pc, 
combustion at constant volume gives the best results, our aim should be to make both pe and 
T- as high as possible, so that even the first heat element dQ,’ shall be introduced at high 
pressure, and then even the first elementary cycle will show a high efficiency. But if the 
compression is constantly increased, we soon reach limits set by conditions of actual practice. 
We must therefore next consider both pressure and temperature limits, and such considerations 
will to a great extent change the views obtained on purely theoretical grounds. Temperature 
limits, however, play but a subordinate part. Experience has shown that a gas engine may be 
successfully operated even if the temperatures developed in the cylinder exceed 2900° F. Of 
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course with such temperatures it is necessary to thoroughly cool the cylinder bore, valves, seats, 
etc., and this introduces another direct loss of heat, which, however, is of an entirely different 
nature from the quantity of heat necessarily discharged at the lower temperature limit, since by 
it a certain quantity of heat is even prevented from entering the cycle. But, in spite of this, 
if temperatures occur along the compression line in excess of the ignition temperature of the 
gas mixture (appr. 1000° F.), it becomes necessary to cool if it is desired to develop an 
adequate quantity of heat in the cylinder. Schréter has shown that the heat losses to the 
cooling water in Diesel engines are about the same as these losses in constant-volume engines 
(approximately 40% of the heat of combustion), in spite of the fact that in the former the 
temperatures are kept uniformly lower. But, to repeat what has been said, the upper tempera- 
ture limits do not affect the general result in any marked degree, because they are, in general, 
certainly high enough to warrant a much better efficiency than we obtain at the present time 
if it were only possible to depress the lower temperature limit. And since, to succeed in the 
latter respect, high initial pressures are necessary, the pressure limits are of the greatest 
importarice. The maximum pressure in the cycle is the factor that determines in the first place 
whether any given design is constructively possible or not, whether the machine is cheap or 
costly to build, whether it is easy or difficult of operation, and whether it is sufficiently, reliable 
in operation. The pressures at present occurring in Diesel engines may be considered to give an 
idea, based on practical experience, of how high we can at present carry maximum working 
pressures. In this connection there is a further difference between temperature and pressure 
limits. How high the temperature limit may be put depends largely upon the time during 
which the maximum temperatures last. The shorter the time, the higher may be the limit for 
temperature effects are a function of time. On the other hand, all of the machine parts must 
be built to be safe under the maximum pressure, whether the duration of this pressure is 
instantaneous only or distributed over a longer period. It may be said to be the fact even 
that pressures lasting only an instant are more severe than the same pressures acting during a 
longer interval. 

Now suppose that, instead of assuming equal compression pressures in all cycles, we assume 
equal maximum pressures. Then for combustion at constant volume, the pressure at the end 
of combustion must be equal to this. maximum pressure. Under these conditions, only the last 
of the heat elements is introduced at the most favorable maximum pressure, while all of the 
other elements are introduced at lower, i.e., less favorable pressures. Jor combustion at constant 
pressure, assuming that the working fluid is adiabatically compressed to the maximum pressure, 
each and every heat element is introduced at this most efficient pressure. But it must also be 
evident that combustion at constant temperature gives results very much inferior to either. 
For at the beginning of the isothermal combustion process we have the maximum pressure, for 
which the machine parts must be designed, from which we obtain no advantage, since even 
during combustion the pressure decreases so rapidly that for every succeeding elementary cycle 
the ratio of expansion is considerably less, resulting in decreased efficiency. The net result, 
therefore, assuming a given pressure limit, is that, providing it is possible to compress up to 
this maximum pressure, combustion at constant pressure is the most efficient. Since under these 
conditions the temperature increases during the combustion period, it would seem to follow 
theoretically that during this time the loss to the cooling water should be somewhat greater 
than during isothermal combustion; but according to the experience of Diesel, who with isothermal 
combustion obtained hardly any development of work diagram, this fact does not have much 
weight. ; ; 

It is evidently not correct, in answering the very general question as to the most favorable 
eycle for heat engines, to designate certain definite cycles of operation as undoubtedly the best 
or even “ ideal,’”’ especially as far as the possibility of practical operation is concerned. For the 
choice in every case should depend upon the special governing conditions. The best method of 
procedure for the designer would therefore seem so be to subdivide the pressure diagram which 
he desires to carry out in his proposed machine, into elementary cycles by the method above 
discussed, and then by an examination to see how each elementary cycle might possibly be 
further improved by raising p, and 7, or by depressing p. and 7,. Thus for instance the rule 
that combustion at constant pressure is the most. efficient does not apply to Otto’s A-cycle 
machine, because in this case the allowable limit of compression does not coincide with the 
maximum pressure limit. The latter may easily exceed 20 atm. (300 Ibs.), but the former must 
not exceed 7-8 atm. (100-125 lbs.) if pre-ignition in the gas-air mixtures is to be prevented. 
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In such a case then the desire to introduce each heat element at the highest pressure possible, 
naturally leads to the constant-volume cycle, since in it pressures increase most rapidly.' 


C. CRITICAL EXAMINATION OF THE VARIOUS CYCLIC EVENTS 


The preceding pages contain an investigation of the various operating cycles as a 
whole, according to the laws of thermodynamics, i.e., with reference to the complete 
operation of the transformation of heat into work. It next becomes necessary to 
examine into the various events composing each cycle in so far as actions and inter- 
actions occurring are of interest to the designer and constructor. In the following 
discussion, the general notation used in the previous pages has been retained, the 
various states of the working fluid being indicated by proper indices in the accom- 
panying diagrams. 


_I. The 4=cycle Events 


1. The Suction Stroke, Fig. 13. At the inner piston position, the exhaust stroke 
has just been completed, and the clearance space is filled with Ve cu.ft. of burned 
gases under an absolute temperature of 7,° F., and an absolute pressure of P, in 
pounds per square foot. The weight of this volume in pounds is 


VcPr 

es V, SS Sn 46 

G yrve TR. ( ) 

if yr represents the specific weight of the gases (in pounds per cubic foot), and R, is 
the gas constant. 

If now the piston begins its outstroke, the clearance gases will re-expand until the 

pressure falls from P, to Pa; only after this pressure is reached, fresh mixture (or jin 


T.—T. 


1 From the general formula for the elementary cycle, Fig. 9, 7= Tt We may also derive for gases 
1 
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An examination of this equation brings out the following points: In order to utilize the heat 
supplied to a gas engine to the best advantage every heat element should be introduced at the 
smallest volume possible, and the part not utilized should be rejected at the largest volume possible. 
If, therefore, in a gas engine we have fixed volume limits, the most efficient cycle is composed of two 
adiabatics and two lines of constant volume. In the Otto 4-cycle engine we actually have these fixed 
volume limits. The maximum volume is equal to the total volume of the charge drawn in at atmos- 
pheric pressure and temperature; the minimum volume is determined by the consideration of pre-ignition 
of the charge. Consequently the best efficiency is attained when the cycle receives and rejects the 
respective quantities of heat only at the respective volume limits. In the case of the Diesel engine, we 
have given for the reception of heat a pressure limit, and for the rejection of heat a volume limit 
(since the expansion can proceed only to the volume at which the charge has atmospheric pressure and 
temperature). In this engine, therefore, the heat is rejected at constant volume, in which fact it 
differs in its operation from the constant-pressure cycle above discussed, in which expansion is carried 
to atmosphere; but it is easy to see that under the conditions imposed combustion at constant pressure 
will show the best efficiency. 
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the Diesel only air) enters, mixing with the burned gases and thereby becoming 
heated. Assuming that the external temperature is Ty, that the barometer pressure is 
30” Hg. (14.7 lbs. per sq.in.)=Py, and that the 














real volumetric efficiency of the stroke =7e, 
the mixture drawn in will weigh RPE ci, ae OC ay agree a 
| 
eVn 144X14. : { 
GeV Bee ee Leads (40) ee SS See Ul ae 
Ty Rg | 
At the end of the suction stroke the weight of Pea cost ere ie ee Tt 
the total charge will be | Se ! ; 
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Ga=Gr+ Go= Ae pounds... =. “<) 48yre| My ce 
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in which Ta is the absolute temperature of | | # | 
the total charge in degrees F., Pa the corre- ty. 2) {_ firey 





sponding pressure in pounds per square foot, Fi: 13. 
and V=V-+V~n. 

If we assume equal values for the three gas constants, Rr, Ry, and Ra (for 
burned gases, fresh mixture, and for the total charge) which can be done without 


sensible error, we may write 
NT ee VcPr 2117 eVi 


GaRa= Ta T, T, 5 





. (48a) 


and from this the actually drawn-in volume of the mixture, referred to a pressure of 
14.7 lbs. per square inch, and a temperature of T7,°, is 
VPa ee i 


Va =Va= (7p — 9 ) 5717 cu.ft. ae ee ORES 





Distinction should at this point be made between the real volumetric efficiency 7: 
and what may be called the apparent volumetric efficiency jv. Referring to Fig. 13, 
the latter may be expressed by 
Vo 
Nees 
while the former represents the ratio of the volume Vz’ of the charge at a pressure Py 
and a temperature 7'y, actually drawn into the piston displacement Vn, that is 
VM 
Ne Va 
The volume V;’ is less than V. on account of the fact that the temperature in the 
cylinder is greater than Ty, and hence the real volumetric efficiency ye is always 
smaller than the apparent volumetric efficiency yy obtained by ratio of volumes from a 
weak spring card without temperature correction. 
Assuming an atmospheric temperature of t=62°.5 F.,1e5 2,=523°.5 F., the real 
volumetric efficiency ye of the suction stroke will then be theoretically 


( =) Ty 


ET APTS) 2117 2 (ePa YR \ 247 
ko V=V. ae REE ° ° . ° ° ° 








(51) 


; : V ; : 
ain which e= 77 =ratio of compression as before. 
¢ 
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The value of ye therefore depends largely upon Pa and P;, both of which may be 
easily determined by means of a weak spring. Temperature 7; is a function of the 
exhaust and jacket water temperatures, while 7a depends mainly upon ¢ and the 
jacket temperature. If we assume that the gas constants Rr, Ry, and Ra are equal, it. 
follows from eq. (48a) that 





Pied VPs 
" GaRa 27 eVa Vile 
Sir T, 


and again putting 7,=523°.5 F. this reduces to 


247V Pa 


247V cPr * 
og ae caer 
Tr 


To= (52) 


Note that if in any given case the barometer pressure differs considerably from 
30” Hg. (14.7 lbs. per sq.in.), the value of the factor 2117 in the above derivation 
must be altered correspondingly. 

The derivation of eqs. (49)-(52), however, depends upon assumptions and conditions 
which do not quite hold true or exist in actual practice. Thus, for instance, the 
metallic walls act as regenerators of heat; they absorb a considerable quantity of heat. 
during combustion and expansion, and transmit a part of this heat immediately to 
the cooling water, transferring the remainder afterwards to the next incoming charge. 
Even if we assume that the mean wall temperature is equal to the outlet temperature 
of the cooling water, there will still be a temperature difference of from 60-90°, 
between the walls and the incoming charge. In reality, however, the walls are much 
hotter than the cooling water, because even from the start a complete transfer of all 
the heat absorbed by them during every combustion and expansion process is not 
possible. The final temperature of the walls at which equilibrium is maintained 
between the heat absorbed and that discharged must therefore be higher than the 
temperature of the cooling water. In small engines with thin cylinder walls this 
difference may be assumed to be at least from 45-55° F., in large cylinders it may be 
from 60-110° F. and more (see p. 121, under ‘‘Cylinders’’). ‘On this account the 
temperature difference between walls and fresh charge is likely to be from 150-180°, 
and it is evident that owing to the consequent flow of heat, the charge must be 
considerably heated up, causing a corresponding increase in 74. This action explains 
the well known fact that with increasing load on an engine, the value of 7. decreases. 

Concerning the temperature 7, of the exhaust gases remaining in the clearance 
space, we know nothing definitely. It is certain only that it is not lower, but 
probably higher, than the temperature of the gases in exhaust, and T, probably also 
rises and falls with T.. Now since Te is on the average 1540° F. (and over), it 
follows that the clearance gases must even during the suction stroke transfer a con- 
siderable quantity of heat to the cylinder walls which are cooler by from 700-900°. 
This action causes a condensation of the burned gases, which in itself affects the 
volumetric efficiency ye favorably, since the contraction volume practically adds to 
the stroke volume by the same amount. 

The value of 7 is of importance to the designer, especially in the determination 
of the cylinder dimensions required for any given engine capacity (see p. 72, Part III). 
But since it is not possible to determine 7. mathematically, we are. compelled to fall. 
back on actual measurements of the real volume of mixture Va’, drawn in per stroke. 
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In the case of small gas engines such measurements are comparatively easily made 
with the aid of air and gas meters, and they have been occasionally so made in 
scientific investigations; for large engines the volume measurements usually require 
apparatus so bulky and costly that the attempt is not often made. Engineering 
literature consequently offers but little generally applicable information on this point. 
The table below gives a few average values of ye, from reliable data furnished by 
Slaby, Meyer, and others, taken either directly or determined by computation from the 
figures given. 

The remarks made concerning the values of P, and Pz in eqs. (48)-(51) apply also 
in practice, that is, both should be kept as close as possible to the atmospheric line. 
Especially severe are the effects of an increase in P;, since it increases the weight of 
the exhaust gases remaining (by compressing them from P, to P,’), and this in turn 
decreases the volumetric efficiency 7, owing to the re-expansion of the gases from P; 


or P,’ to Pa. Through a too early closure of the exhaust valve, P,’ may be made 
considerably greater than P, with a conse- 


quent serious decrease in engine capacity. 

As previously shown, the apparent 
volumetric efficiency may be found from 
the equation 


653 RPI. 


Vo 
= 7" 


What values of y may occasionally be 
found is well shown by Fig. 14, which 
represents a weak spring card taken by 
the author from an automobile engine. Without reference to any temperature 
differences, this diagram shows a value of qj»=appr. 607%. 


Practical Values of pr, Tr, pa, and ye. For the latter the temperature of the 
charge has been reduced to 32°. 





Fig. 14. 


p= pounds per sq.in 
=e 0 


pa=12.8 to 13.7 lbs./sq.in., ye=.88 to .93 for slow-speed engines with mechanically 
operated inlet valve. 


pa=12.5 to 13.3 lbs./sq.in., ye=.80 to 87 for slow-speed engines with automatic inlet. 
“valve. 


po=11.8 to 12.5 lbs./sq.in., je=.78 to .85 for high-speed engines with mechanically 
operated inlet valve. 


pa=11.5 to 12.2 lbs./sq.in., e=.65 to .75 for high-speed engines with automatic inlet 
valve. 


Pa= 8.8 to 11.0 lbs./sq.in., 4.=.50 to .65 for very high-speed auto-engines with auto- 


matic inlet valve and air-cooling. 


Suction generators and carburetors in unfavorable cases may decrease the above 
values of ne by from 2-5%. 


pr=15.7 to 17.0 lbs./sq.in. ise early closure of the exhaust valve and very long or too 
.=1180° to 1350° F. . small exhaust pipe may increase these values considerably. 
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2. The Compression Stroke, Fig. 13, p. 29. 


The returning piston compresses the 


charge up to atmospheric pressure and beyond this to the final compression pressure Pe 


at the end of the in-stroke. 


following the general law PV"=const. 


of compression will then be 


The compression line may be considered as a curve 
With this assumption, the pressure at the end 


Pox Pa( 77) = Past (53) 
while the final temperature is 
= Pe mol ToPe_ip n-1 
Tpke (F) n = ee . okt '9* 76 ™ bee (54) 
For any given Pc. or 7c the clearance volume must be 
Ves SR GN Le eye \eenee 
Mamet? (si) =! (7) do ve! a ee Me ane) chats) eke (55) 


From the well known equation PV=RTG, we may also write 


ems T-GaRa re an P.Ve Ky ene T Gaka ant 
(Pe v, (58a) Te=G Rp. (54a) and Ve= P. (55a) 
TABLE 6 


ABSOLUTE COMPRESSION PRESSURES (p-) AND TEMPERATURES (7;) FOR DIFFERENT 


VALUES OF «, n, AND Ty. 





















































Ratio of Compression €= 2.0 | 2.5 | 3.0] 3.5 | 40 | 45 | 5.0 | 6.0 | 7.0 | 8.0 | 9.0 | 10.0 
Yor pqa=12.5, Pc= | 29.7 | 39.2 | 49.3 | 59:9 | 707 | 81.8 | 93.2 | 117.5] 142.0) 168.0) 195.0] 222.0 

600 690 | 720 | 747} 770| 792} 811) 828] 858] 885} 910) 9380} 951 

650 748 | 780 | 811] 835] 858] 877| 896] 930} 958] 983 | 1010 | 1028 

n=1.25) when Ta= 4 700 Tc= | 805 | 840 | 875} 900] 924] 945] 965] 1002 | 1032] 1062 | 1088 | 1110 
750 863 | 900 | 987] 956} 990] 1013 | 1036 | 1073 | 1107 | 1137 | 1163 | 1188 

| 800 921 | 960 | 1000 | 1027 | 1056 | 1080 | 1105 | 1144 | 1180 | 1212 | 1240 | 1267 
For pa— 12:5, Pc= | 30.7 | 41.2 | 52.0 | 63.7 | 75.7 | 88.3 | 101.2} 128.2] 156.7) 186.5] 217.5] 250.0 

600 703 | 740 | 772|) 800} 825] 847] 868} 905) 938} 966] 1000/1018 

650 763 | 803 | 837] 866} 895} 917] 942] 980 | 1015 | 1043 | 1076 | 1102 

n=1.30| when Tg= } 700 ¢ Te= | 821 | 864 | 900] 933) 964] 987 | 1012 | 1055 | 1093 | 1128 | 1160 | 1187 
750 880 | 925 | 965 | 1000 | 10380 | 1058 | 1087 | 1130 | 1170 | 1210 | 1242 | 1272 

800 J 937 | 987 | 1028 | 1065 ; 1100 | 1130 | 1157 | 1206 | 1250 | 1290 | 1822 | 1355 

For pq=12.5, Pco= | 31.9 | 43.0 | 55.1 | 67.8 | 81.2 | 95.2 | 109.5} 140.5] 162.4) 206.5) 242.2) 300 

( 600 718 | 760 | 797| 832] 860} 885] 912} 955} 995 | 1030 | 1063 | 1092 

| 650 778 | 825 | 864] 900| 9382} 963] 987 | 1035 | 1078 | 1115 | 1152 | 1182 

n=1.35| when Tg= } 700 } T-= | 838 | 888 | 932] 970 | 1002 | 1035 | 1064 | 1114 | 1157 | 1200 | 1240 | 1275 
| 750 897 | 952 | 997 | 1038 | 1075 | 1105 | 1139 | 1193 | 1242 | 1284 | 1328 | 1364 

800 958 |1012 | 1062 | 1108 | 1146 | 1180 | 1214 | 1264 | 1323 | 1372 | 1418 | 1455 

For pa=12.5, Pe= | 88.1 | 45.5 | 58.8 | 73.1 | 88.3 | 103.0] 120.6] 156.5] 194.0] 234.0] 277.0) 321.0 

600 735 | 783 | 826} 864) 897] 927} 956) 1013 | 1055 | 1095 | 1135 | 1170 

650 | 795 | 847 | 893} 936) 972 | 1003 | 1033 | 1097 | 1140 | 1187 | 1228 | 1268 

m=1.41| when Tg= } 700 + To= | 857 | 912 | 962 | 1008 | 1048 | 1080 | 1113 | 1180 | 1228 | 1278 | 1820 | 13863 
| 750 | 917 | 976 | 1080 | 1077 | 1122 | 1157 | 1194 | 1265 | 1316 | 1368 | 1415 | 1462 

800 977 |1142 | 1098 | 1149 | 1195 | 1232 | 1273 | 1348 | 1402 | 1458 | 1510 | 1558 
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Table 6, p. 82, diagram Fig. 15, and Plate I, have been constructed on the 
assumption that the vacuum at the end of the suction stroke is .1 atm. (1.42 lbs.), 
that is, that Pu=.9 atm. (12.8 lbs.). If in any actual case the real suction pressure 
should be some other value, as Pa’, the readings of the above table and diagrams can 

y 
be corrected in the ratio aes 
Pa 

Concerning the heat interchanges during the compression stroke, we may note the 
following: There is little doubt that the charge temperature Ta at the end of the 
suction stroke differs but little from the mean temperature of the cylinder walls. 
During the first part of the compression stroke, as long as the outer, cool end of the 
cylinder is still in contact with the charge, it is likely that the heat of compression is 
completely taken up by the cooling water, keeping the charge temperature about 
constant. But the further the charge is compressed into the inner hot end of the 
cylinder, the faster will the charge temperature increase, and the smaller will be the 
amount of heat taken up by the cooling water. ven if, at the beginning of the 
stroke, there should be a heat transfer from the walls to the charge, such movement 
ean be of but short duration and the heat transferred is of small amount. Under 
ordinary cooling conditions, on the other hand, the heat transfer to the jacket is 
always considerable, and this fact manifests itself in the indicator cards in that, with 
increasing compression, the exponent n grows continually smaller, its mean value being 
considerably under the ratio x of the specific heats. 

Values of n- from’ Practice. Owing to the varying heat interchanges along the 
compression line, as pointed out above, the exponent n is not a constant for the entire 
line. Its mean value varies from 1.30 to 1.38 in ordinary cases, with an average of 
about 1.35. But imperfect cooling or high wall temperatures may raise the value of n 
above the adiabatic value x. Charge losses through leaky pistons and valves give 
apparent values of n which are too small. 

3. The Combustion and Expansion Strokes. Diagram Fig. 16. Ignition should, 
at least in theory, begin early enough so that the entire charge is burned at the inner 

piston position. Depending upon the purity, heating value, tempera- 
ye ture, and compression of the charge, as well as upon location and 
nature of the spark, form of combustion chamber, and other practical 
conditions, the time of ignition and combustion is of varying duration, 
as indicated by the more or less inclined position of the combustion 
line or by varying expansion lines. 

The effect of a variation of the point of ignition upon capacity 
and efficiency may be very different in different machines. It is, for 
instance, now and then found that a given machine gives the best 
economic result when the point of ignition is so early as to make 
the beginning of the explosion clearly distinguishable along the com- 
pression line, and every explosion is accompanied by a distinct 
knock. Most engines, however, cannot stand a spark so greatly 
advanced, and operate much more smoothly with an ignition point 
moderately late. It is clear that the diagram area, and with it the 
engine capacity, may be increased up to a certain point by late ignition, but the 
reasons for the fact, also sometimes met with, that late ignition favors better utiliza- 
tion of heat, are not so patent. 

No definite practical rule for locating the point of ignition can be given. The 
indicator gives reliable information only when the drum receives a continuous motion, 
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or when a “displaced”? diagram is taken, because in the ordinary indicator card, in 
which the combustion line is placed at the end of the drum motion, the various 
phenomena are not sufficiently distinct. The best means of locating the most favorable 
point of ignition is probably to make the ignition gear adjustable, and then to locate 
the best point by trial. 

E. Meyer, in his “Untersuchungen am Gasmotor,” has the following to say 
regarding this question:! ‘The earlier the point of ignition, the greater the heat loss 
to the walls. The thermal efficiency reaches its maximum with a mean point of 
ignition, but this point does not need to be very strictly maintained because the 
consumption of heat differs but little within the limits of 15° of crank angle, and only 
shows a decided increase for an early point of ignition (20° crank angle below the 
dead center). As for the rest, late ignition causes a loss of work through spreading 
of the indicator diagram, but at the same time the loss of heat to the walls is 
less.” 

It should be remembered that the above remarks apply to a single definite 
engine. 

Assuming that the combustion is instantaneous, that is, occurs at constant volume, 
a condition which hardly ever obtains in practice, the maximum explosion pressure 
will be 
_PcTz _ TGaRr 





Pz sus V. (56) 
The explosion temperature is 
P:T. _PzVe 
T. a es = GR, e (57) 
Bee ee 
or, T2=Te+ Olu (58) 


when Ga pounds of charge contain @, heat units. Eq. (58), however, cannot be 
depended upon since the results may be affected by incomplete combustion and other 


causes. 
When the combustion becomes slow through late ignition or other causes, so that 


V’c>Ve the above equations change to 


De Vee TG Bee 








Pe Pena = Vc oc 5 ’ (56a) 
ene tat NE oe BE S 
and T’2=T Pe Ge. . (57a) 


If the values of Pz or P’z can be taken directly from an indicator diagram, 
eqs. (57) or (57a) will give the real combustion temperatures Tz or T’;. If, on the 
other hand, Pz is taken from a hypothetical indicator card, the real value of T:, or, 
in the reverse case, of Pz can only be found by multiplying by a reduction factor 
whose value expresses the decrease of temperature or pressure owing to heat losses, 
cooling, etc., and which value is not far from that of the card factor ng of the cycle 
(see p. 7). 


17. d. V. D. Ing.; 1902, p. 1307. 
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At the moment the exhaust valve opens, i.e., at the beginning of exhaust, the 
burned gases have expanded to the terminal pressure (see diagram, Fig. 13). 


Vo\t ais 
P.=P.( 7) ~ 5a? renee et eel) Tem ce Mees Nolan er Bele ie (59) 


; F ae : 
in which O= represents the real ratio of expansion. At the same time the end 
c 


temperature is 








Vovret als 
r.=1.(55) ~ 5n—1? % Lie” Vel feqh! sl Acetate ey Brelaite (60) 
or, using Ga and R,, we also have 
T Gakr 
P.= yr . (59a) 
1 es 
and T.= GR . (60a) 


It would appear from equations (59) and (60) that the greater the ratio of 
expansion, the lower will be the terminal pressure and temperature, which would make 
the principle of ‘complete expansion” appear of 
great benefit. In 4-cycle Otto engines, however, 
the ratio of expansion is in most cases nearly equal 
to the ratio of compression, that is, 0~<, from which 
we may write eq. (59), 





ogee oe ACTS 


Pe=P.(4¢)" Pz 





This equation shows that an increase in 
compression also causes a decrease of termina] 
pressure and temperature, which explains the 
fact that in our present day of high-compression 
engines, complete expansion has lost all practical 
importance. 

In the constant-pressure cycle, Fig. 17, the compression pressure P- is about equal 








; : Vz 
to the maximum combustion pressure Pz. With a cut-off ratio o=-, and a ratio of 


: V 
expansion 0=-,; we then have 
Zz 


V; P.Vs 


T.=T. V. To GR,’ ah Ricoh el Micet Ulett eure iol ete (62) 


or, assuming complete combustion as before, 


Qi 


aes eon 





. (62a) 


For the end-point of the expansion we may write, as in the case of the constant- 
volume cycle, 


Pe=P.(yi)" Pz 


Vv = on? ° . . . . . . . . . . (63) 


OITY OF LINCOLN LIBRARY. 
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. VzA\"71 fhe 
and e=T, (7) ~ 5n-1? eee ere Beane SFenicy i oy LO (64) 
TeGakr 
or, P.= a ; . (63a) 
P.V’ 
and Te GR . (64a) 


In both the constant-volume and the constant-pressure cycles, the real exhaust 
temperature is less than the terminal temperature 7T., above computed, because the 
former is measured outside of the cylinder after complete expansion of the gases to 
atmosphere. In both cycles the expansion of the burned gases in the cylinder takes 
place under continued loss of heat to the cooling water, hence the exponents n of the 
expansion line are considerably greater than the adiabatic ratio x of the specific heats 
of the charge. At the beginning of the expansion, when the cooling surface of the 
cylinder is still small and the losses to the cooling water are more or less balanced 
through after-burning of the charge, the differences between n and x are in most cases 
quite small. It may even happen that the heat supply due to after-burning balances 
or overbalances the entire heat loss, in which case m approaches the value of the 
isothermal exponent. But the greater the cooling surface uncovered by the outgoing 
piston, the greater the heat losses and the greater the corresponding value of n, 
although on account of the accompanying rapid fall in tbe temperature and the 
consequent smaller loss of heat to the jacket, the rise in the value of n is less rapid 
near the outer end of the stroke. It also often happens that the value of n varies 
quite irregularly, alternately increasing and decreasing, so that it becomes impossible to 
recognize any definite law of variation. An increase in the piston speed is, for obvious 
reasons, nearly always accompanied by a decrease in the mean value of n for the 
entire stroke. 

For the method of determining n from given indicator diagrams, see Appendix. 

Values from Practice. The value of the exponent for the expansion line is 
generally found between 1.35 and 1.50, although diagrams showing up to n=1.70 are not 
rare. Loss of charge through leakage increases the real value of the exponent; indicators 
having considerable friction loss have an apparent effect in the opposite direction. 

The explosion temperature Tz in our present day high compression engines no 
longer remains much below 3600° F. abs. (see the entropy diagram, Fig. 2, p. 10). 
This may be quickly shown by an approximate computation: For ¢=6, n=1.30, 
p1=12.8 Ibs. per sq.in., and Ta=684° F. abs., we get from Table 6, pe-=9.24 atm. 


(131.5 Ibs.) and Te=1170° F. abs. If we assume that mo a figure .easy to reach for 


maximum load, we have pz=395 lbs. and from eq. (57) then Pe= 1170-9 = ~ 3500" 
F. abs. The maximum pressure in the cycle is usually also accompanied by the 
maximum temperature, i.e., the heat supplied by after-burning is less than that used 
by the expansion and cooling of the gases. The opposite condition is at least no 
longer common in our modern engines. Assuming a mean exponent n=1.5 for the 
expansion line, the temperature at the end of the expansion in the case chosen would 
be Toms ~~ 1440" F. abs.; for 0=3, however, Te would have been equal to 


3500 - 


eee PRIOR 1980° F. 
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In the case of the constant-pressure engine, if, in agreement with actual conditions, 
we assume pe=pz=33 atm. (470 lbs.), e=16, 0=5.5, o=3.0, and further take the 
exponent n as above, the maximum combustion temperature will be, from eq. (62), 
4740 


T.= 1580 X3 =4740° F. and the end temperature of expansion, from eq. (64), Te-=—>3= 
2040° F. abs. The maximum and mean temperatures of the constant-volume cycle 
are therefore considerably smaller than those of Diesel’s constant-pressure engine. 

4. The Exhaust Stroke, Diagram Fig. 13, p. 29. The exhaust valve usually 
commences to open at about 90% of the expansion stroke. The burned gases escape 
and the pressure sinks rapidly from P. to P;. During the establishment of pressure 
equilibrium (exhaust) the velocity of the outflowing gases is very high, in the neighbor- 
hood of 2600 to 3000 ft. per second,! and is independent of the port area. From the 
kinetic energy of the exhaust gases 


Pan ocie 

Le PISTON a ep) ee betes Peat 3 OD) 
in which Ga is the weight of the gases in pounds, we may derive the mean exhaust 
velocity 


cman l2e tt, PeteOC [Ma Jax iy fa, 2.21 Gel el ee LOG) 


The simplest way of determining Qa is to consider it as the third member (remainder) 
in the heat balance, the other two being the heat equivalent of the work and the 
jacket loss respectively. ; 

The actual exhaust should be completed by the time the piston has reached the 
dead center, so that on the back-travel it is called upon to overcome only the 
resistance P, due to friction in valves and _ ports. 

If on the other hand the exhaust is retarded (see abou B00" ee. 

Fig. 18, from a high-speed engine), the effect is 
not only to increase the negative work but also to 
increase cylinder temperature, which in turn seriously 
decreases the volumetric efficiency and the allow- = 
able compression pressure. Regarding the harmful Fic. 18. 
effect of Pr, see p. 31. 

If the lower loop of the diagram is taken with a weak spring, remarkable pressure 
variations are sometimes disclosed. In many cases their cause is not to be sought as 
much in the engine as in the exhaust line. The exhaust gases, discharged very 
suddenly and under very high velocity, acquire under certain conditions certain 
vibratory movements accompanied by corresponding pressure variations. With an 
exhaust line of sufficient length and no sudden turns, the kinetic energy of the exhaust 
gas column, initially acquired, may be sufficient at times to overcome all frictional 
resistances in the line, so that P, drops to atmospheric pressure, or, owing to over- 
expanding of the gas, it may even drop below it. Crossley Brothers tried to make this 
accidental phenomenon one of regular occurrence and attempted to utilize it as a 
means for scavenging the cylinder. Jul. Sdhnlein even went a step further, intending 
to cause the vibrating gas column to draw in the new charge, in 2-cycle engines.? 








"1 See Slaby, Kalorimetrische Untersuchungen, p. 191. 
7 German Patent, No. 83210, 1894. 
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Neither one of these schemes had any practical success, because the occurrence of the 
vacuum could not be controlled with certainty, the exhaust action being subject to the 
influences of too many accidental conditions. With ports sufficiently large and with 
correctly timed valve opening, the occurrence of a vacuum at the beginning of the 
exhaust stroke is common, quite probably because at that time the kinetic energy of 
the gas column is greatest (see diagram Fig. 19, from one of the older types of 





Crossley engine); in some other cases this vacuum persists until near the middle of the 
stroke (Fig. 20, from a Diesel engine); or it may not occur at all (Fig. 21, card froma 
Priestman engine). If the frictional resistances encountered in the exhaust pipe are of 
such a nature as to set the gases into vibration, the vacuum may occur intermittently, 
the line cutting the atmospheric pressure line repeatedly (Fig. 22, diagram from an Otto 
engine). It was shown by E. Meyer in the Zeitschrift d. V. D. I, 1901, p. 1848, that 
this wave form of the exhaust line is not always due to inertia effects in the indicator. 

Values from Practice. The pressure along the exhaust line is usually from 15 to 
16.5 lbs. abs., sometimes more; the exhaust temperature (outside of the cylinder close 
to the exhaust valve) varies from 950° to 1450° F. abs. As might be expected, this 
temperature may be raised considerably by use of rich mixtures higher (values of p,), 








Suction 


Brg. 22: 





late ignition, strong after-burning, etc. Increased piston speed and less effective cooling 
on the other hand raise this temperature but little. 

For values of the temperature 7, at the moment of exhaust opening, see p. 38. 

5. The Heat Interchanges between charge and envelope during the individual strokes 
may best be collectively studied by means of the entropy-temperature diagram (see 
Appendix), an example of which has already been given on page 10 in connection with 
the explanation on heat losses. In Fig. 23 the entropy-temperature diagrams (based on 
1 kg. of charge) for a Deutz gas engine (full heavy line), a Grob & Co’s. kerosene 
engine (broken line), and a Diesel oil engine (full light line) have been superimposed, 
the numbers referrmg to the pressures in atmospheres at the points of location.! 
Remembering that movement to the right indicates addition of heat, and that to the left 
shows loss of heat, the diagram gives a clear picture of the heat interchanges during 
the second,. third, and fourth strokes. Starting with the two explosion engines, the 


1 Krauss, Z. d. Oesterr. Ingr. & Arch. Verein, 1898, No. 10. The figures in this diagram have: not 
been transposed to English units, since they are only used for comparison. 
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line a—b of the Otto engine shows a moderate loss of heat throughout the entire com- 
pression stroke; in the case of the Grob kerosene engine, on the other hand, the loss is 
so strong as to make the line ab’ appear almost isothermal. ‘(It should be noted, how-' 
ever, that the very small pressure ordinates of the first half of the compression can only 
be shown approximately, so that this part of the entropy diagram is always somewhat 
uncertain.) At point 6 or 6’ the explosion commences, showing strong addition of heat, 
as a consequence of which the curves turn upward and to the right, rising to c and c’ 
respectively. Apparently the maximum pressure coincides with the maximum tempera- 
ture in both diagrams. The expansion in the explosion engines takes place along the 
lines cd or c’d’, with constant further addition of heat, due to after-burning, in the gas 
engine, and in the kerosene engine almost 
adiabatically after two thirds of the ex- 
pansion stroke is completed. But since 
some heat must be lost to the cooling 
water, there must also be after-burning 
all along the expansion line in the kero- 
sene engine. Finally, the exhaust takes #00 
place along the lines da and d’a, during 
which heat is largely abstracted from the 
cycle. 

In the entropy diagram of the Diesel 
engine, line I-III represents the compres- 
sion stroke. The marked changes of the 
direction in this curve are perhaps not 
absolutely certain, owing to the reason 699 
mentioned above, but there is no doubt 
that the general trend of the line to the 
left shows that the compression is accom- #00 
panied by a loss of heat. This loss is 


ee 
so marked beyond the point II that the a7 y=396 
temperature of the compressed air re- Peale eee BTC 
mains practically constant. At point lll Fig. 23.—Entropy Diagrams for Constant Volume 
aracee : and Constant Pressure Engines. 
injection and combustion of the fuel 
commences, at once the line turns upwards and to the right, showing continued, 
strong supply of heat to the point V. During the same time the temperature rises 
rapidly from 580° to 1510° C. abs., that is, the increase is in the ratio of about 2.6 to 
1. The temperature increase does not stop with the attainment of maximum pressure 
(point IV), as in the case of the explosion engines, but continues beyond this point to 
the point V, where the pressure has decreased to 24 atm. Between V and VI the 
temperature of the mixture remains practically constant (in this particular case); the 
heat used by the work of expansion and that lost due to cooling is therefore replaced 
by after-burning along this line. From VI to VII the heat supply from the latter 
cause is no longer quite able to fully replace the loss due to the other two causes, 
hence the temperature gradually drops, the change from VII to VIII being apparently 
purely adiabatic. The continued heat loss to the cooling water is therefore also in this 
case replaced to the end of expansion by after-burning. At the beginning of exhaust 
at point VIII the gases still have a temperature of over 1100° C., which, due to the 
heat loss in the exhaust gases, rapidly drops to about 300°C. at the point of 
beginning. 











sty 
et |e 
peer aN 





42. METHODS OF OPERATING GAS ENGINES AND GAS ENGINE CYCLES 


All three of the diagrams refer to engines brought out between 1895 and 1897. 
The changes which the pressure-volume diagram of the Diesel engine has experienced in 
the meantime would manifest themselves in the entropy diagram in that, owing to the 
increased supply of heat (or the increased temperature), the points IV and V, and 
consequently also VIII, would be moved correspondingly higher up. . 

In the writer’s*opinion, none of these entropy diagrams can claim perfect accuracy. 
That for the Diesel engine probably deserves the greatest credence because, except for 
the specific heats, complete data for its computation were given in Schréter’s report 
on the Diesel engine of 1897. On the other hand, the lines for the diagrams of the 
explosion engines appear to have been determined on the basis of some assumptions at 
least open to questions. But in general the diagrams serve to give a picture of the 
heat interchanges in the cylinder sufficiently correct in its main features, which is all 
that is desired here. 


IJ. The Events of the Twos-stroke Cycle 


In the usual form of 2-cycle engine, in which the exhaust gases are discharged during 
the time that the piston passes the dead center, the compression; combustion, and 
expansion of the charge take place exactly as in 4-cycle machines, so that as far as 
these events are concerned, we may refer to the previous articles. From this point of 
view, the only events belonging peculiarly to the two-stroke cycle are the charging and 
discharging actions of the mixture or scavenging pumps, which actions may continue 
into the cylinders or receivers. Unfortunately, as far-as the development of the 2-cycle 
engine is concerned, but little has been done to systematically investigate and. clear the 
most important internal phenomena connected with the charging and discharging 
actions of the two-stroke cycle. Inventors and manufacturers who have developed 
2-cycle engines are very reticent when it comes to discussing their good or bad 
experiences with this type of machine; and as for scientific investigation, the two-stroke 
eycle no longer seems to offer to the laboratories of our technical schools any points 
worth clearing up. The natural result is that to-day, as for the last thirty years, the 
designer is compelled to solve all fundamental as well as constructive proolems relating 
to the 2-cycle engine for himself, by the aid of trial, experience, and observation. 

Among the problems open to debate regarding the 2-cycle engine might be 
mentioned the following: 

The pressure of the scavenging agent, and the duration of the scavenging period. 

The size and position of the scavenging ports. 

The point of admission of the scavenging agent, whether at the cylinder head or 
near the piston face. 

The question of intermediate receivers, whether any should be used, and if so, the 
proper size. 

The question of excess of scavenging air, whether much or little, etc. 

The following discussion is very largely based upon the experience gained by the 
author himself. How far the conclusions arrived at may be generalized may be seen 
from the appended discussion by A. Wagener regarding the charging and discharging 
actions in large 2-cycle engines. 

1. The Pump Operations offer nothing new in themselves, since the charging or . 
scavenging pumps do not differ materially from ordinary air pumps. The suction 
stroke of the 2-cycle engine differs from that of the 4-cycle only in that it is carried 
out in a separate pump, which latter is in all respects designed for this service only. 
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The large clearance space (combustion chamber of the 4-cycle engine) is eliminated, the 
pump cylinder is not heated up, and the valves, since they are subject to small 
pressures only, can be made of proper port area and of light weight. All these things 
combine to raise the efficiency of the pumping actions; the volumetric efficiency of the 
eylinder increases, which finally means that for the same piston displacement the power 
cylinder receives a greater quantity of cooler air than if the suction stroke had been 
carried out in the cylinder itself. The frictional resistances and the volumetric efficiencies 
of the charging pump cylinder then depend only upon the controlling conditions of the 
design, and their values should not be far different from those attainable in all good 
air pumps, say a suction pressure of from 14.1 to 14.4 lbs. absolute and a volumetric 
efficiency 7- from .95 to .97. Since the most favorable pressure of the scavenging agent 
is probably not higher than from .75 lb. to 3 lbs. by gauge, the rise of temperature 
due to compression is negligible, and, in any case, it disappears during the transfer of 
the air to the reservoir or the power cylinder. 

In the above it is of course assumed that the scavenging air or the charge is 
furnished by a separate pump, independent of the power cylinder. The conditions 
change materially when, as is sometimes done, the front end of the cylinder is used as 
@ pump, in which case, irrespective of constructive difficulties, the pump efficiency is 
seriously affected by the strong heat transfer from the power cylinder to the pump 
cylinder. The case is still more unfavorable when, on account of considerations of low 
cost of machine, the enclosed crank case is made to serve as a pump. The neces- 
sarily bad shape of the crank case volume, the very large clearance spaces, and 
the leakage through bearings, together with the considerable heating that the charge 
experiences, combine to make the entire charging action much less efficient. than in the 
ease of the 4-cycle engines. This all leads to the conclusion, at least for the larger 
machines, that if it is intended to utilize to the fullest extent the advantages of the 
two-stroke cycle, only independent pumps, which may be designed as such without 
restriction, should be used. The use of crank case pumps is inefficient even in small 
engines and should be permitted only when cheapness and light weight are the primary 
requirements. 

2. The Phenomena of Scavenging, clearing the cylinder of burned gases, are in them- 
selves quite complex and, as already pointed out above, are by no means fully cleared 
up. The 2-cycle principle will stand or fall with the scavenging of the power cylinder. 
Kifficiency, reliability, capacity—in short, everything depends upon the thoroughness 
with which the burned gases are driven out of the cylinder. If, as is usually intended, 
the cylinder volume is to be cleared out with air, the introduction of a certain amount 
of air in excess is indispensable. There must therefore be available a volume of 
scavenging air greater than the cylinder volume, because during the scavenging period 
some air is certain to be lost through the exhaust ports and, unless some excess air is 
at hand, some of the burned gases are certain to remain. In the case of independent 
pumps the available volume of air may be made anything, depending upon the pump 
dimensions; if, on the other hand, the front end of the cylinder, or even the crank 
case, is used to compress the air, an excess of air is not obtainable. There is in such 
cases likely to be a deficiency, since the otherwise possible volume is further decreased 
on account of large clearance spaces and heat transfer from the power piston. If it is 
inadvisable to use a separate pump, it then becomes necessary, by intelligent choice of 
duration of the scavenging period and proper design of the cylinder and_ valves, to 
obtain, with the least possible loss of air, as nearly perfect a cleaning out of the 
cylinder as the conditions will allow. The more or less perfect solution of this 
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particular problem determines almost entirely the practical value of any new 2-cycle 
construction. 

As long as the scavenging medium is led directly from the pump into the main 
cylinder, its proper action is seriously hampered. With pump and main cylinder cranks 
180° apart, it is possible to scavenge only to the dead center; where the pump 
crank leads the main crank, the scavenging air must have comparatively high pressure 
on account of the short time available for transfer. It seems necessary therefore to 
interpose between pump and power cylinder a receiver of such size that, during the 
entire scavenging period, the air pressure can be maintained without much drop. This 
pressure should be very low. An abnormally high scavenging pressure not only 
increases the lost pump work, but, what is worse yet, interferes with a thorough 
driving out of the burned gases. The author, on the basis of practical experience for 
the last fifteen years, must emphatically state that the much favored increase in the 
pressure of the scavenging air entirely fails to fulfill its purpose and that a cleansing 
of the power cylinder both thorough and economic is possible only with air moderately 
compressed. Air highly compressed enters the cylinder with great velocity, and 
‘rebounding from the inner walls, causes eddy currents of such magnitude that, from 
the outset of the scavenging period, burned gases mix with the incoming air and thus 
a part of them is retained in the remaining air or the new charge. The perfect 
scavenging action on the other hand shows very different characteristics. The air 
should enter the cylinder slowly, avoiding all counter or eddy currents, and should, if 
possible, in the form of a solid column drive the exhaust gases in like manner ahead 
of itself out through the ports. This action, however, can only be obtained with low 
pressures and sufficiently large ports. Success in ridding the cylinder of burned gases. 
lies entirely in carefully avoiding any breaking up of the exhaust gases and in prevent- 
ing the intermixing of air and burned gas. 

The allowable minimum pressure of the scavenging agent depends mainly upon the 
size and frictional resistance of the transfer ports and upon the time available. 
Neither the size of the ports nor the time available can, for very obvious reasons, be 
made too great. Mathematically the question may be treated as follows:! Let the 
pressure in the receiver (or pump) be p lbs. per sq.in., and the temperature be 7°; — 
also let the pressure in the power cylinder be po lbs. per sq.in.; then the velocivy » 
of the air will in general be? 


w= gs7'(1—22) ft. Per SOC. Gz Sc, as oes ee ee 


Then, if the area of the ports equals f sq.ft., the volume of air transferred per second 
will be 
V =abif.cu.its.” wa Re oe oe 


In these equations, ¢ represents a velocity coefficient and a the coefficient of 
contraction; the product of these two factors is the so-called coefficient of efflux “=ad¢. 
In practice it has been found that $ varies from .85 to .95. The value of a cannot 
be definitely given since it depends upon attendant conditions, and it should therefore 
be determined for every case. It is safe, however, in most cases to make a approxi- 
mately equal to from .6 to .65. 


1A comprehensive mathematical investigation of the dynamic action during scavenging and. 
charging has been published by A. Wagener in the Gasmotorentechnik, 1903. 
? Hiitte, ed. 19, Vol. I, p. 332. 
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Example. Assume ¢=.90, «=.62, T=461+81=542°, p=16.3 lbs., and p,=14.9 lbs. Then 


14. 
w=.9x58\\542 (: -733) = 367 ft. per sec., 


and V =.62X367f=227/ cu.ft. per sec. 


It will be seen from this that even with small pressure differences the velocity of 
flow is considerable. 


The author’s requirement calling for “lowest possible pressure of the scavenging 


air”? is not accepted without qualification by Mr. A.. Wagener, who for about ten 


years has been engaged in studying the dynamic actions in the cylinder of the Oechel- 
hauser engine. The reasons for this dissent are given in the following in Mr. Wagener’s 
own words: ! 


“H. Guldner, in his “ Entwerfen und Berechnen der Verbrennungsmotoren,” concerning 
air storage receivers, voices the opinion that it is desirable to work during the period of 
scavenging with as small a pressure drop as possible and hence to make the receivers as large 
as possible. This requirement seems quite justified for certain types of engines; but to generalize 
it and to make it apply without qualification to all 2-cycle engines would be a mistake, for 
the reason that for certain 2-cycle engines it is contradictory to another requirement of fully 
as great importance. Such engines are those utilizing the lean industrial gases, in which the 
air for both scavenging and charging comes from the same receiver and fiows through the 
same transfer ports, and whose speed regulation must be within very close limits. When a rich 
fuel is used in an engine, the amount of such fuel required per cycle even for maximum load in 
large engines is comparatively small. It is quite possible to force this amount of gas into the 
cylinder without simultaneous addition of any considerable quantity of air and still obtain a 
sufficiently intimate mixing of the fuel with the volume of air already present in the cylinder. 
In engines of the Cechelhiuser and Junkers type, for instance, the charging pump was made to 
force a certain amount of illuminating gas to which only a small amount of air had been added 
into the cylinder during the compression stroke. Under these conditions the combustion line 
testified to the formation of a very good fuel mixture. Under low loads on the engine it was 
even possible to force fuel gas alone into the power cylinder with equally satisfactory results. If, 
on the other hand, lean gases are to be used, the gas volume required for each working cycle 
is, in general, so large that a method of operation like that above outlined is entirely unsuited. 
What would happen is that only at the beginning of the gas-charging period would there be 
any mixing of the incoming gas and air, for the rest of the time the incoming gas column 
would merely displace the air. With lean gases, therefore, it becomes necessary to form the 
fuel mixture in the charging pump or the proper quantity of air must be injected into the 
power cylinder at the same time with the gas, so that the mixture may form during the 
period of introduction. Experience has shown that there are serious objections to the first of 
these schemes, that is, to form the mixture in the charging pump, one of which is that the 
receivers and passages are filled with an explosive mixture. If under these conditions, owing to 
the formation of mixtures deficient in air—a state of affairs which may be, but is not always, 
prevented, especially at starting—the—charge should be ignited during the transfer period, the 
result would be the explosion of the mixture in the receiver, which accident nearly 
always results in damage to some part of the engine and especially to the charging-pump 
valves. 

If the mixture is formed by simultaneous introduction of gas and air, it becomes necessary, 
when the amount of fuel used is changed for purposes of speed regulation, to correspondingly 
change the amount of air if the combustion is to remain the most efficient possible. The 
governing arrangements, by which the problem of measuring the required quantities of gas and 


1¥rom a lecture delivered before the Bavarian District Society of German Engineers, 1903. This 
lecture with some elaborations was published in the Gasmotorentechnik, and deserves attention on account 
of its mathematical treatment of the charging and discharging actions of 2-cycle engines. 
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air must be carried out, may be constructed with the most simple means, and with promise of 
greatest reliability, when, in order to control the volumes of the gases transferred, the pressures 
in the receivers are suitably changed. The most economic way of changing the pressures is by 
decreasing the volumes of the gases delivered by the pumps, so that with a decrease in pump 
capacity there shall be a corresponding decrease in the pump work. The simplest means of 
obtaining this result is probably to arrange a by-pass valve under the control of the governor, 
so that at the beginning of the discharge stroke a larger or smaller quantity of gas or air, 
depending upon the position of the valve, is forced. back in the suction mains at practically 
atmospheric pressure. 

Now, however, if the change in the quantity of gas transferred is to be brought about by a 
change in the pressure in the receivers, it becomes desirable to make the volumes of the latter, 
including that for air, as small as possible. The reason for this obviously is that, the greater 
the volume of these receivers, the greater will be the time elapsed between the moment that 
the governor begins to affect the gas volumes delivered by the pump and the moment that the 
volumes delivered from the receiver begin to be affected in the corresponding way. 

A drop in pressure of say 1.5 Ibs. would call for a receiver volume equal to approximately 
210 cu.ft. With such volumes, governing arrangements as above outlined would fail completely; 
and the question therefore arises whether the requirements that the air receiver should be made 
as large as possible, is of enough importance to warrant seriously curtailing freedom of choice 
regarding the details of construction. 

In Oechelhaéuser machines results satisfactory in every respect have been obtained with 
dimensions of the gas and air receivers such that, for the maximum gas volumes transferred, 
the pressure drop is as high as 14 lbs. per sq.in. This construction calls for comparatively high 
pressures at the beginning of the scavenging period, up to 22 or 23 lbs. per sq.in. absolute for 
high speed engines. In spite of this fact the difficulties mentioned in Giildner’s book have not 
manifested themselves up to this time in Oechelhiuser engines. It is of course quite possible 
that the ring of ports used for the air inlet in this machine is specially suited for such condi- 
tions of operation. Gildner says, among other things, concerning this question: “Air highly 
compressed enters the cylinder with great velocity, and rebounding from the inner walls, causes 
eddy currents of such magnitude that, from the outset of the scavenging period, the burned 
gases mix with the incoming air and thus a part of them is retained in the remaining air or the 
new charge.” This is no doubt practically what happens when the air is introduced from one 
side of the cylinder only, as for instance, when the ports are confined to only a part of the cir- 
cumference. If, on the other hand, the inlet ports are arranged completely around the circum- 
ference, the writer is of the opinion that, in view of the initial guidance that the air currents 
receive when they strike the face of the piston and their subsequent mutual interference, the 
final result is the formation of a column of air of sufficient solidity to clear out the cylinder. 
In practice, the minimum volume of scavenging air required to obtain reliable operation serves 
in every case as a criterion for the efficiency of the scavenging action. Whether the introduction 
of this minimum quantity of scavenging air is always combined with the greatest economy of 
operation is altogether another question. 

It might finally be mentioned that the magnitude of the pressure drop has but very little 
influence upon the work required by the pumps. If, for instance, in any given case the pressure 
drop is 8.5 lbs. per sq.in., the charging pump must of course compress to about 23 lbs. per sq.in., 
which is comparatively high; but the transfer from the pump to the receiver commences almost 
with the beginning of the compression stroke, since, owing to the previous operation, the 
pressure in the receiver is practically atmospheric. On the other hand, if the pressure drop is 
say 1.5 lbs., the pump has to compress to only about 19 lbs.; but since during the previous 
operation the receiver pressure has dropped to only 17.5 lbs., the pump must first compress to: 
this pressure before the transfer to the receiver can begin. Comparing the indicator cards from 
two pumps operating under these conditions, it will be found that the work required in the 
former case is but little greater than that in the latter. The most important factor determining 
the work required by the pump is the value of the mean receiver pressure pm, but the latter 
has no direct relation to the volume of the receiver.” 


Another requirement for good scavenging is that the air be not admitted until the 
exhaust is complete, that is, until pressure equilibrium in the cylinder has been 
established. An earlier admission of air is possible only with unnecessarily high air 
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pressure, the use of which, as already shown, is bad in itself and should be avoided. 
The burned gases are still under high pressure and consequently their temperature is 
higher than ordinary, which tends to decrease the weight of air or new charge in the 
cylinder owing to the heating they receive. 

It is quite difficult to attain a complete pressure drop to atmosphere, or nearly So, 
with the ordinary exhaust valve in the short time available in most cases. A ring a 
ports in the cylinder wall is much better suited to the purpose, and consequently much 
used in the design of 2-cycle engines. But even in this case it is best not to admit the 
scavenging air until the dead center, to make certain under any circumstances that the 
pressure drop is complete and that the exhaust gases are cooled as far as possible. 
With the piston controlling the exhaust ports, there will then still be available a period 
of time for scavenging and charging equal to the time required by the piston to cover 
10-12% of its stroke at that end of the cylinder. Better results will thus be attained 
than if the air had been forced into the as yet highly compressed and heated gases at 
an earlier period. As compared with 4-cycle machines, the beginning of compression in 
2-cycle machines may commence a little later on the return stroke without rauch 
harm, because in the former the compression must commence with a pressure pg 
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invariably somewhat below atmosphere, while in the 2-cycle engine the compression 
commences with a pressure of from .5 to 1.0 Ib. per sq.in. above atmosphere 
(gee py 52). 

It is desirable to have the pressure drop in the air receiver as small as possible, in 
order that the scavenging may continue with undiminished force to the end of the 
period. The best means of attaining this end is to make the receiver as large as 
possible and to commence the transfer of air not too early in the stroke. The two 
diagrams of Figs. 24 and 25 make the points clear. The first is taken from a receiver 
of too small volume. The pump delivers air into the receiver from a to 6. From 6 to 
c the pressure remains constant at about .3 atm. (4.2 lbs. per sq.in.) above atmosphere. 
Scavenging commences at c, but at the outer dead center d the pressure has already 
dropped to .1 atm. (1.4 lbs. per sq.in.) and beyond this point the drop is very slow. 
- It is evident that the transfer of air had already ceased before the inlet valve closed at 
a; that is the best part of the time available for scavenging has not been used. After 
a considerable increase in the volume of the receiver, diagram Fig. 25 resulted. The 
maximum scavenging pressure is now a little less than before; the transfer commences 
a little later, but continues at about the same rate until the closure of the inlet valve, 
since in this case the receiver pressure does not drop below .2 atm. (2.8 lbs per sq.in.) 
above atmosphere. The pressure at the beginning of compression in the power cylinder 
is correspondingly higher, and since on account of somewhat later introduction the air 
is less highly pre-heated, there will be a greater charge volume in the cylinder, which 
finally means greater engine capacity. 

The manner of scavenging without the use of intermediate receivers is well 
illustrated in Figs. 26 and 27, the diagrams being taken from a crank-case 2-cycle 
engine of the author’s own design of 1895. The crank-gdse pump draws air from a 
to b, Fig. 26, and compresses it into the large clearance spaces up to the point c, 
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approximately to .3 atm. (4.2 Ibs. per sq.in.). After the burned gases have been 
exhausted from the cylinder, the- transfer of air proceeds with rapid drop of pressure. 
Scavenging is completed at the point d, because the piston then commences its return 
stroke, and the little overpressure still remaining in the crank case suddenly disappears. 
In order to make the scavenging period independent of the movement of the piston, 
the transfer pipe between crank case and cylinder was made as large as possible, and 
was separated from the crank case by a flap check valve. In this way the pipe was 
converted into a receiver, although of insufficient capacity. The diagram obtained, 
Fig. 27, sufficiently illustrates the improvements thus made in the scavenging process. 
The check valve admits the air to the transfer pipe, but prevents its return, and thus 
permits a continuation of the scavenging action even after the crank-case pump has 
started on its suction stroke. This is about the only satisfactory way by which the 
burned gases can be removed from the cylinder in the case of engines using the crank 
case as a pump. 

The rapid and complete drop in the pressure of the burned gases to near atmos- 
phere after the exhaust valve has opened, is of extreme importance in case the fuel 
mixture instead of air is used for scavenging. Even in this case a little air is usually 
introduced ahead of the mixture, but this does not in itself offer safety. It is even 
possible that, owing to this introduction, some of the unburned gas particles contained 
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in the burned gases may be ignited by the fresh air, thus firing the entire incoming 
charge upon entrance. The only safeguard against an occurrence of this kind is to hold 
back the scavenging medium until the exhaust of the burned gases is complete. 

The difficulties that may be encountered through neglect of the above rule are well 
indicated by Mr. A. Wagener in a lecture delivered before the Society of German 
Engineers at their general convention in 1900. Mr. Wagener tells of some of the 
experiences encountered in putting into operation a 600 H.P. Oechelhéiuser and Junkers 
blast-furnace gas engine as follows:! 


“An attempt to operate the machine at normal speed failed because, even after a comparatively 
short period of operation at less than normal load, the working cylinders became so hot that 
the occurrence of pre-ignition was feared, and the latter actually did occur from time to time 
in the right-hand cylinder, as during the tests this machine probably carried somewhat more load 
than the other half of the unit. 

The trouble in this case was found to be caused by the fact that the exhaust ports did 
not open early enough, and that on the opening of the air ports a part of the burned gases 
escaped through these into the air jacket surrounding the air ports. This action could be 
traced at a speed as low as 120 r.p.m., although the interference was not strong enough at this 
point to cause serious trouble. 

The inter-related actions of air and burned gas are very clearly shown in Fig. 28. The 
upper curve (1) shows the pressure of the burned gases in the cylinder during exhaust. The 
line was taken by means of a weak spring, and transferring it to the drafting-board the pressure 
ordinates were further enlarged with the greatest care. At the same time that line (1) was 
obtained, a pressure diagram (2) was obtained from the air jacket surrounding the air ports, 
and this line was drawn over (1) to the same scale. In obtaining this line, the reducing motion 
of the indicator was set parallel with the outside cranks, so that the abscissas represent the 


1Z.d. V. D. Ing., 1900, p. 1517. 
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positions of the back piston. Fig. 28 also shows the relative proportions and_ positions 
of the air, mixture, and exhaust ports. The exhaust. ports are of course controlled by 
the other piston, but have been transferred in the figure with due regard to the relation 
between stroke and port opening. In this way, if an ordinate be drawn at any point 
corresponding to a given piston position, that part of the areas not cross-hatched in the figure, 
lying to the right of this ordinate, will represent the port opening for each ring of ports at that 
piston position. 

The exhaust ports open at c, but at first the pressure drop is not very marked. This is probably 
partly due to friction in the passages, and also to the fact 
that in any case a certain amount of time is required to 
produce the necessary acceleration even in the comparatively 
small mass of the burned gases. Further, there is some lag in 
the propagation of the pressure drop from the neighborhood of 
the exhaust ports to the middle of the cylinder where the 
indicator is located. The same interesting phenomenon 
occurs in the pressure diagram for the air jacket (2). The 
air ports start to open at a, at a point where the pres- 
sure in the cylinder is still 47.3 Ibs. per sq.in. abs. One 
would assume that the immediate action would be for the 
exhaust gases to rush into the air jacket, raising the pres- 
sure in the latter considerably. It will be seen, however, 
from the diagram that this occurs at a point considerably 
later in the stroke. At the point d the pressure in the 
cylinder is the same as that in the air jacket, and it 
would naturally be expected that from here on both lines 
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cylinder. 

The further path of curve (2) shows that soon after the 
pressure in the air jacket attains its maximum value, the mix- 
ture, consisting of burned gases and air, rushes into the cylinder 
with such high velocity that a vacuum is formed in the air jacket itself. This in turn is 
followed by a rise in pressure due to the air flowing in from the main receiver. Near the dead 
center, therefore, very complicated inter-actions occur in a very short space of time, and the 
masses of gas and air are set into violent vibration, a phenomenon to which the writer will 
again refer later on. 

The diagrams of course only show pressure variations in the vicinity of the indicator, and 
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30 mm. =1 kg. /9 cm. 
120 r.p.m,. 80 mm.=1 kg./9 cm. 
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Fig. 29. Fig. 30. 


it should not be forgotten that the lines are apt to be somewhat modified by the inertia of the 
moving parts of the indicators themselves. 

It is very interesting to determine the rapidity with which the actions described occur. From 
the moment of opening of the air ports, for instance, to the moment that the exhaust gases 
commence to enter the air jacket with rapidity, that is, from a to b, the time interval is 
.0054 sec., during which the pressure in the cylinder drops from 47.3 lbs. abs to 38.0 lbs. abs. 
If it be assumed that the pressure drop is uniform throughout the volume of the cylinder, it 
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follows that in this short time 54 Itr. (1.906 cu.ft.) of burned gases escape through 
the ports. The mean port area is 257 sq.cm. (42.7 sq.in.), and hence, if the gases flow 
through the ports at approximately atmospheric pressure, the mean velocity would have 
to be about 365 m. per sec. (1197 ft. per sec.). It is of course nearly impossible to determine 
the absolute velocity, since no reliable means are at hand for measuring the pressure differences. 
between the inlet to and exit from the ports, but the above computation, even if very 
approximate, shows that the maximum velocity of the outflowing burned gases reaches an 
extraordinarily high value. 

The difficulty above outlined was remedied in the machine under discussion by elongating 
the exhaust ports toward the middle of the cylinder, a distance of 20 mm. (.8’’). 

Fig. 29 shows the complete diagram from the air jacket as taken before changing the 
exhaust ports, while Fig. 30 shows the diagram as at present obtained. It will be seen that. 
the sudden pressure drop and the violent vibrations of gas and air are almost entirely eliminated. 
Further, no vacuum is formed at any time between the air ports and the controlling valve on 
the air receiver, and the entire operation of transferring the air takes place under much quieter 
and more efficient conditions. 

The machine now operates without difficulty at 130 to 135 r.p.m., and, even under overloads, 
the cylinders heat up to so slight an extent that the hand may be laid for a few moments upon 
the uncooled outer ends of the cylinder without discomfort. 


III. Comparison between 4= and 2=cycle Engines 


1. Considered from the standpoint of theoretical thermal efficiency, both principles 
of operation possess exactly the same value, their working cycles do not differ in any 
respect. The real thermal efficiency, however, is affected by a series of practical 
conditions, several of which speak very strongly for the 2-cycle engine. Since the specific 
capacity of the 2-cycle engine is twice that of a 4-cycle machine, it follows that the 
former requires only one-half of the cylinder volume of the latter. The comparatively 
greater superficial area of the smaller cylinder volume is in favor of the 2-cycle engine 
in so far as relatively more heat of compression is transferred to the cooling water, 
permitting the use of higher compression pressures. Besides possessing practical advan- 
tages, the latter fact means a better thermal efficiency. It is a fact of course that the 
greater heat transfer, on account of relatively greater superficial area, also exists during 
combustion as well as compression. This is not a desirable condition, but it seems that 
the disadvantage is about balanced by the fact that the average combustion tempera- 
ture of lean mixtures highly compressed is correspondingly less. It has been found 
that the losses to cooling water in the two types of engine are not far different, in 
fact this loss sometimes shows less in 2-cycle machines than in 4-cycle machines of 
like capacity. A 15 H.P. Bénier 2-cycle engine, for instance, tested by Witz, required 
61 lbs. of cooling water per B.H.P. hour, while an Otto engine of the same capacity, 
examined by Kohler, required 54 lbs., both being operated with producer gas. A 600 
B.H.P. Simplex 4-cycle blast-furnace gas engine, according to Hubert’s tests, required as. 
much as 110 to 143 lbs. of jacket water per B.H.P. hour. From the author’s own 
experiments, small 2-cycle engines lose to the cooling water from 3400 to 3800 B.T.U. 
per I.H.P. hour, the larger sizes from 3000 to 3300 B.T.U. As in the case of 4-cycle 
machines, this amounts to from 35-40% of the heat supplied. 

Fear might be expressed that the scavenging air may become strongly pre- 
heated by the burned gases to be displaced. This however does not take place if the 
scavenging is properly done, i.e., if the transfer of air does not commence too soon. 
The temperature 7'a of the charge at the beginning of compression in 2-cycle machines 
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is usually not higher, rather lower, than in 4-cycle engines.! This fact may be easily 
explained by considering that the transfer of air, a process in itself combined with a 
temperature drop, takes place with great rapidity, taking up from about 5 to +. of 
the time of one stroke, while in the case of the 4-cycle the charging action occupies 
the time of one entrie stroke, hence the heat absorption by the charge must be much 
more marked. A rise in the temperature of the charge after the closure of the transfer 
ports no longer effects the engine capacity. The latter is increased by the fact that, in 
2-cycle engines, compression commences when the charge is at a pressure already 
slightly above atmosphere, hence the charge weight is greater than if the charge had 
been drawn into the cylinder by suction. Assuming that at the end of the scavenging 
period the pressure in the cylinder of the 2-cycle engine is say 1.05 atm., while the 
pressure at the end of the suction stroke in the 4-cycle cylinder is say .9 atm.; then, 
irrespective of any influence that the charge temperature may have, the 2-cycle 
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cylinder contains 7 x100=16% more charge weight than the 4-cycle cylinder, 





and has hence gained the same amount in specific capacity. (For the reason that the 
external useful work is, other conditions being the same, directly proportional to the 
charge weight.) 

2. The second important basis of comparison of the two engine types is found in -° 
the friction losses of the machine. In this respect the 2-cycle engine is under a 
disadvantage as compared with the 4-cycle in that its charging and discharging actions 
require a greater movement of the volumes of the gases involved, since the charge 
must pass through two cylinders. All other conditions being the same, this fact would 
require a greater amount of work, and this is what is usually found in 2-cycle engines 
as constructed to-day. It should, however, be noted that a charging pump specially 
constructed for its work can operate at a higher efficiency as a pump than the main 
power cylinder, and also that in the 2-cycle engine the entire exhaust stroke is 
eliminated, i.e., the resistance p, does not exist. Estimating the suction pressure in the 
4-cycle diagram at —.1 atm., the resistance during exhaust at +.1 atm., at the same 
time taking the vacuum during the suction stroke of the 2-cycle pump equal to 
.03 atm. (which should be easily reached), the gain in the 2-cycle engine would be 
.1+.1—.03=.17 atm., and this amount, with skilful and intelligent design, should be 
sufficient to cover the extra work required in the transfer of the charge in the 2-cycle 
engine. That the moving of greater volumes of gas may not represent an increased 
loss of work is quite clearly shown in some tests by Humphrey on a Crossley and a 
Premier engine, both large horizontal 4-cycle machines (see Part III). In spite of the 
fact that in the Premier engine the cylinder was very thoroughly scavenged (air excess 
250%) the work done in charging and discharging at the greatest total load of 650 
I.H.P. was only 5.5%, while the same work in the Crossley engine, of appoximately 
the same capacity, represented 7.3% of the total load.? Consequently, although at 
present the pump work in 2-cycle engines is still from 8-10% of the I.H.P., as com- 
pared with 6-7% in 4-cycle engines, it does not necessarily follow that this defect is 


1The comparatively stronger heat transfer during compression and the lower temperature 7a 
at the beginning of compression in 2-cycle machines made themselves strongly felt in the first 
Diesel-Giildner 2-cycle engine by the fact that the compression had to be higher than in 4-cycle 
engines by from 60 to 90 lbs. in order to produce an end temperature T+ sufficiently high to insure 
regularity of ignition. 

2 See Engineering, 1901, p. 197. 
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permanent; the further development of 2-cycle types will undoubtedly yet wipe out 
the 2 or 3% of difference still existing. 

The greater part of the friction loss of the machine is found in the rubbing parts. 
With regard to this no definite comparison can be made, since no practical data is 
available, and mathematical determinations of the friction losses based on arbitrary 
assumption would be worse than useless. Some light may, however, be obtained from - 
a few general considerations. 

According to an old reliable rule of thumb, the friction loss in similar piston engines 
is the greater the greater the volume of piston displacement per horse-power. According 
to this rule, 4-cycle and 2-cycle engines would then be on an equal footing if the volume 
of the pump be added to the cylinder volume. When it is considered, however, that 
the 2-cycle pump piston works against very low pressure only, that therefore it may be 
fitted with very light rings and be an easy fit in the bore, and further that this light 
piston operates all the time on cool, well lubricated surfaces, there can be little doubt 
as to which cycle possesses least pump friction. When a piston, built for operation 
against pressures from 300 to 400 lbs. per sq.in., is for one-half of the time called upon 
to operate against pressures of from 3-4 lbs. per sq.in., Le., pressures averaging only 
1% of those for which the machine member was designed, there must evidently be 
useless sacrifice of mechanical efficiency and of economy in material. Such, however, is 
exactly the condition of things in the 4-cycle engine. 

It is not at all necessary that the scavenging pump should be an independent 
machine, an added complication requiring a certain amount of work for its operation. 
It is possible, for instance, to so design the cross-head as to make it act as an air 
pump, as was done in the Diesel-Guldner engine. This construction secures the added 
advantage that the power piston and cylinder are relieved of the side thrust of the 
connecting rod. (It is pointed out in Part III that to make the power piston a 
machine member, already fully loaded by the explosion pressure and working on highly 
heated surfaces, also carry considerable side thrust, is fundamentally a mistake.) The 
adoption of such special designs makes it possible to construct an engine with pump, 
in which the piston and guide friction is not only not’ greater, but even smaller, than 
in an engine without the pump. That this can be done is shown by the example of 
the Bénier engine already quoted, this engine with scavenging pump showing a 
mechanical efficiency of 81% at only two thirds load. The 500 H.P. Premier engine 
above mentioned showed a mechanical efficiency of 88.8% without the pump, and 83.8%, 
allowing for the pump work, while the Crossley engine quoted at maximum load 
showed a mechanical efficiency of only 83.0%. 

As compared with the work of charging and discharging and the friction in pistons 
and cross-heads, the rest of the friction losses are of secondary importance. It need 
only be briefly pointed out that, since the piston of the 2-cycle engine has approxi- 
mately only one-half the area of the 4-cycle piston for the same capacity, the crank 
mechanism and shaft may be made correspondingly smaller, and the friction loss in 
pins and bearings is correspondingly less» The latter is further decreased by the fact 
that the fly-wheel of the 2-eycle engine is lighter by approximately 50%. This is 
corroborated by the common practical experience that the mechanical efficiency of a 
given engine drops a few percent, when an extra heavy wheel (for electric light 
service) is substituted for the ordinary wheel. 

3. From the standpoint of design, the relation between the 4-cycle and the 2-cycle 
engine has already been made sufficiently clear in the preceding articles. The superiority 
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of the latter, as regards regularity of operation, space required, weight, and cost of 
construction, is patent in all cases where the proper design has been employed. In the 
building of large engines, the complexity of the 4-cycle construction more strongly 
emphasizes the advantages of the 2-cycle, especially so the nearer the sizes approach 
the limit of capacity. For the large machines the main issue of the “cycle” controversy 
is no longer the fuel consumption, but, very simply, the possibility of construction 
under ordinary manufacturing conditions, and of reliability of operation. The fact that 
beyond a certain size the 4-cycle engine fails to meet these conditions in the best way, 
has served to clearly show the advantages of the 2-cycle machine, and has done much 
to give it its new lease of life. Even Ernst Korting, the successful builder of 4-cycle 
engines, agrees with the writer in this, stating on one occasion! that “the successful 
construction of 2-cycle engines, either single- or double-acting, is almost a necessity in 
the development of large units, such as required in the operation of steel works. The 
weight of the various machine parts and their dimensions increase so enormously, when 
it is attempted to generate these powers in one 4-cycle cylinder, and, further, the 
growing complexity of the machine and the unreliability of operation become so serious 
when it is attempted to get the same power by the combination of four single-acting 
4-cycle cylinders, that either type of construction can only be considered as a make- 
shift until an efficient and reliable 2-cycle machine appears on the market.” 

Practically the same conditions exist to-day, although the builders of large 4-cycle 
engines have again taken up the construction of double-acting engines, thus doubling 
the specific horse-power capacity. (In this connection it should be noted that this 
method does not increase the capacity of the cycle itself, but, by making a given 
cylinder double-acting, merely raises the capacity of that cylinder.) A double-acting 
4-cycle machine is on the same footing regarding capacity as a single-acting 2-cycle 
engine; but since, previous to the construction of these double-acting 4-cycle engines, 
large 2-cycle engines had already been built, the relative positions of the two types of 
machines are not changed in the least. Concerning the question of regulation, i.e., the 
uniformity of tangential effort at the crank, the adoption of the double-acting principle 
in the 4-cycle improves things but little as compared to the 2-cycle. The regulation of 
the double-acting 4-cycle engine compared to that of the single-acting 2-cycle engine is 
still in the ratio of 2 to 3, in favor of the latter machine, and in order to create 
anything like equality in this respect when the 2-cycle is made double-acting, two 
double-acting 4-cycle cylinders would have to be used. 

4, Concerning the question of economy, there is little more to be said, after pointing 
out the practical equality of the two principles of operation regarding the thermal 
efficiency and friction losses. It can easily be seen from tests on the 2-cycle engines of 
Bénier, Giudner, and Diesel-Gildner that in every case the indicated thermal efficiency 
nm is very satisfactory, and that, even in cases where the machine is unduly handi- 
capped by friction losses in the pumps, the economic efficiency ny» in 2-cycle machines 
is but little inferior to that found in good 4-cycle engines. Considering the question of 
economic operation in its entirety, i.e., not only considering fuel economy but also first: 
cost, -maintenance, reliability, etc., any 2-cycle engine of fair grade but of absolute 
reliability will be quite able to take care of itself. 

- The requirement laid down by Prof. Riedler, that for best results in the building 
and operation of large gas engines the cycle should be the two-stroke cycle with 


17. d. V. D. L., 1902, p. 127. 
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capacities up to 500 H.P. in the cylinder,! at first seemed to many to be impossible of 
realization. But the question has in the meantime grown in economic importance and 
in a short time the final solution will most likely not depend upon what can be done, 
but upon what must be done. 


1 This is Riedler’s opinion as laid down in ‘‘Schnellbetrieb’’ (Part XI, p. 37), three years ago. Since 
that time Prof. Riedler has developed into a very strong advocate of the 4-cycle engine, in fact, of a 
certain double-acting 4-cyecle engine. When the author in spite of this adheres to Prof. Riedler’s early 
favorable opinion of the 2-cycle principle, he does this because it seems to him that in the meantime 
conditions affecting the problem have not changed in the least, and also because facts there cited by 
Prof. Riedler in his usual clear manner seem to him to point much more strongly to the conclusion 
above quoted than to the diametrically opposite view expressed before the 45th General Convention of 
the Society of German Engineers. 

The expression coined by Prof. Riedler on this occasion, that 


“the gas engine will revert to its 
original starting point, that is to the 
’ 4-cycle principle,”’ 


certainly does not offer any serious obstacle to the further development of the 2-cycle engine. It will 
probably temporarily aid certain 4-cycle constructions—it will not, however, serve to maintain the 
4-cycle principle in the large engine field. Qui vivra verra! 
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PART II 


THE DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


A. FUNDAMENTAL CONSIDERATIONS 


I. Less ‘Invention,’ more ‘‘Rational’’ Design 


The most serious handicap to the development of any type of machine is an 
aimless multiplicity of its various constructed forms.. These many forms, not called 
forth by any real need but mostly through the ambitions of restless inventors, lead to 
designs which, in nine cases out of ten, are at variance with even the most fundamental 
principles of construction. And although such performances soon find their’ proper 
~reward in brevity of life, there still remains this general disadvantage, that the endless 
procession of such one-day constructions has a deterrent effect upon sane efforts in the 
branch of industry concerned, and that all constructions, whether capable of life or 
not, are weighed down with the same appearance of unreliability. 

This abnormal tendency to invention was especially pronounced in the case of 
gas-engine construction. There was a time—and it is not even now entirely passed— 
during which the employment of known and tried devices was frowned upon, when not 
only the uninitiated but also the professional men were strongly attracted by what 
seemed new or unknown, and when the happy inventor of a hot tube or an exhaust 
muffler could at a turn of the wrist become the founder and director of a gas-engine 
works. It went without saying that every “independent” designer, besides being 
conversant with the principles of ordinary design, had to have a new valve gear or a 
new method of regulation of his own, and it has actually happened that one of these 
inventive geniuses (?) designed a fly-wheel to act at the same time as a tank for 
cooling water, merely to show something “never before offered.”” No wonder, therefore, 
that the practical value of most of the new engine systems was in the inverse ratio to 
the number of patents covering them. 

If anything has contributed more than any other cause to the internal soundness 
of our present day gas-engine practice, it is the fact that this reckless inventing, this 
search after new things, is gradually being abandoned. In its place we find business- 
like design and development of those types which have managed to maintain them- 
selves through the disorder of earlier years, and which have become, to a greater or 
less degree, fundamental forms. For the gas-engine designer of to-day the most 
important problem is to develop these fundamental forms with the aid of the well- 
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known elements of general machine design, and upon the basis of principles proven by 
science and tested by practice. In the solution of this problem, the less free rein is 
given to the inventive bent, the better for the designer and the problem. This applies 
especially to the younger designer whose ambition is very apt to lead him to look 
upon inventing as a necessary preliminary to, or even as the ultimate aim of, his 
labors. In doing.so he loses sight of the real aim of every sane engineering problem, 
i.e., to furnish something which embodies the most advanced and best ideas, and which 
shall be of practical utility. We do not design in order to invent: on the contrary, for 
important engineering work it is usually one of the requirements to its successful 
accomplishment that it be carried out only on known and tried ground. With a great 
deal of reason, therefore, a good designer generally has the name of being an unsuc- 
cessful inventor—and vice versa. 

It is of course not in the least the intention to underrate the importance of 
inventions which are based upon the recognition of an actual need, and which have 
their origin in true mental labor; but how little of this finds expression in the 
ordinary run of patents covering designs and constructions! 

Here as everywhere in first place comes the alpha and the omega of every theory of 
design, which is the proper adaptation of the constructive means at hand to the existing 
conditions. 

That which is unquestionably the right thing in one case may be entirely out of 
place in another. A small engine must be designed from an entirely~ different stand- 
point than is proper for a large industrial machine; a marine engine calls for a 
construction differing from that of a stationary motor; and an originally stationary 
oil engine is by no means a locomobile, because it is placed upon four wheels. Only 
in one sense is there for all forms and types the same requirement, that is, reliability 
and durability, and to it all other requirements must be subordinated. A single hour 
of stoppage in operation may serve to wipe out the saving in fuel for an entire year, 
and an engine showing 50% thermal efficiency would be a costly prime mover, if after 
a few years it should have to be relegated to the scrap pile. 

In general, the following points should be kept in mind: In the case of the small 
engine, greatest possible simplicity, low cost, and durability; for the large engine, 
greatest economy, and for the automobile machine, smallest possible weight. Compared 
with the primary requirement, as determined in any given case, the rest are of 
secondary importance, or do not enter the problem at all. Of course, in the case of 
the small engine, fuel economy should be considered, just as we should take simplicity 
of construction into account in the case of the large machine, but the primary 
requisite should not be lost sight of in each case. There is no sense in doubling the 
number of machine parts and the manufacturing cost of a commercial machine to gain 
a saving of a few cubic feet of gas; but it is just as unwise to hesitate over the 
addition of another valve, or of a few pounds of metal, when the reliability and the 
economy of the machine can be increased thereby. 

The working stresses in internal-combustion engines are from two to three times as 
high as those found in steam-engine practice. Besides this these stresses cannot be as 
certainly controlled in their time of occurrence as can those of a steam engine, and it ° 
may occasionally happen, due to a combination of circumstances, that they are changed 
in a manner detrimental to the entire construction. This fact makes it imperative that 
the designer choose only such forms in which all maximum stresses occurring are taken 
up as centrally as possible; which admit of definite strength computations and which 
preclude any hidden defects in manufacture. Plain forms are not only statically the 
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safest and cheapest as regards manufacturing costs, but also pleasing to the technical 
sense if properly carried out. A tendency to excessive economy of metal, however, is 
apt to degenerate this plainness of form into mere ugliness, and this should be guarded 
against. It is for instance out of place to give the frame of a machine the shape of a 
plain box with beveled edges to save the cost of a better frame pattern, as is done in 
many English and American machines. Since every frame pattern is used a large 
number of times, its cost cannot seriously add to the manufacturing cost of a 
machine. 

The good features of even the best design are not well brought out when the 
arrangement of the auxiliaries and the painting of the machine is out of keeping with 
the rest. An engine which, against a bright-red background as a body color, shows a 
sample assortment of nickeled parts, highly polished brass, and artistically scraped cast- 
iron surfaces, etc., may be an attractive exhibit for the masses, but to the professional 
man its appearance is repellant. The finished machine should show two colors only: 
a dull black or, at least, dark color, for the cast surfaces and the metallic white for 
the machined parts. The nickeling of entire machine parts is technically wrong and 
perhaps allowable only in the case of small auxiliary parts of brass, bronze, or copper. 
The external surfaces of machined parts need only be neatly polished or ground; high 
polish is out of place in machine construction, and makes an unnatural impression even 
in engines ‘fon parade.’ The more perfect the design, the better the materials and 
the more accurate the construction, the less need is there for any embellishment—true 
worth speaks for itself. 

In the general arrangement of the installation the qualifications and knowledge of 
the attendants must not be left out of account. It is best. not to form too high an 
estimate of them, even in the case of small engines. An attempt to explain a 
complicated installation by a lengthy set of operating directions invariably fails in its 
purpose; the directions are either not read, or, if read, are wrongly interpreted. But 
few machine parts and fewer motions on the part of the attendant should be required 
to start and stop the machine and to keep it in regular operation. Single parts, which 
during the assembling of the machines are accurately set, and especially such parts in 
which change in position by inexperienced hands can become dangerous to the engine, 
had better be permanently fastened to place them out of the reach of attendants 
anxious to investigate or to improve. : 

Another point which should receive the proper attention of the designer is the 
item of repair, by which is meant the readiness with which worn or broken parts can 
be repaired or replaced by the ordinary machinist. In this respect it is of course not 
necessary to go as far as a certain landowner who expected that a serviceable oil- 
locomobile should be ‘capable of repair with a hoe’”’; but those parts at least which 
are sure to wear, as for instance, bearings, hot tubes, packings, studs, and bolts, ete., 
should be so designed that in case of need they can be renewed in every good 
machine shop. That important parts, like pistons and valves, should be replaced by 
the factory only, is self-evident. 

Finally, the manufacturing cost of every new construction must not be forgotten, 
because this determines the sale price, which in turn affects the marketability and the 
commercial economy of the machine. The influence of commercial economy is very 
often not clearly understood. As is well known, the real economy of a machine is 
determined by the total operating expenses, among which interest on the investment 
and depreciation form a large, and often the largest, part. When, therefore, as an 
example, one machine costs $100 a year less for fuel than another, but costs $200 more 
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in interest and depreciation, etc., evidently the first engine is not a profitable invest-. 
ment in spite of its high thermal efficiency. 


II. Horizontal or Vertical Type 


The horizontal type of engine has maintained the field since the early days, and it 
is usually assumed as proven that the vertical type is adapted to smail sizes only. 
That is not true; the author is rather of the opinion that the vertical type of engine, 
with the crank-shaft below the cylinder, is also of great utility for the larger sizes, and 
is, in many important points, superior to the horizontal form. A few lines will show 
this. From steam-engine practice we know that vertical engines always show a some- 
what better mechanical efficiency than the horizontal, and this is corroborated by the 
results on gas engines. Further, the losses through leaky pistons are always considerably 
less in the vertical than in the horizontal types. The reasons for this are obvious. 
The lost work due to the weight of pistons and cross-heads of horizontal machines is 
eliminated in the vertical type. In the latter the piston moves concentrically in the 
cylinder bore, with the allowable play equally distributed, and for every piston position 
the rings can make good contact without undue restraint. In this way the packing is 
made more perfect, and the piston friction, together with the amount of wear, are 
reduced, especially since in the vertical engine cylinder lubrication is more uniform and 
certain. The bending stresses occurring in the walls of the frame of horizontal 
machines, which can hardly be eliminated, are easily avoided in vertical engines. In 
the latter type the maximum pressure in the cylinder can be transmitted in an 
exactly central line to the crank, and the frame, thus protected against bending 
stresses, can be made correspondingly lighter. This point grows in importance as the 
piston pressures to be transmitted increase, and that explains why distinctly high- 
pressure engines, like the Diesel and the Banki, adhere so persistently to the vertical 
form. 

Besides this, the vertical type of construction gives a form of cylinder which, from 
the standpoints of manufacturer and of efficiency of combustion, is the most favorable, 
because all valves can be placed in the cylinder cover, and the combustion chamber 
can be kept free from all’ ports and dead spaces. The number of cylinders can without 
trouble be increased to give any desired power capacity, while at the same time a 
nearly complete balancing of the moving parts is possible, thus allowing of increased 
speeds of rotation. Since to-day internal-combustion engines are as yet mostly con- 
structed without cross-head, the relation of the cylinder diameter D to the stroke S 
is not of as great importance here. as it is in the case of the steam engine, and for 
that reason large gas engines with long stroke, or with slow speed of rotation, can be 
built without requiring excessive head-room. The foundations of vertical machines are 
affected in the main by vertical forces only. They can therefore be made smaller or 
cheaper than those for horizontal machines of the same power, and in some cases may 
even be dispensed with altogether. The taking out and replacing of pistons for 
cleaning purposes, etc., is easily accomplished even in vertical machines of the greatest 
capacity. Valves and valve gearing also are free and easily accessible, and are not, as 
is the case in large horizontal machines, hidden in the foundation or in trenches. 
‘Suction, exhaust, and water pipes can be put up in the most suitable manner and in 
the most direct way without the necessity of ditching, ete., at the place of erection. 
Short lengths of suction pipe, in easily accessible position, are of especial benefit in the 
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ease of suction-gas plants. Such pipes facilitate the removal of all dusty or tarry 
deposits, which in the case of horizontal machines, is often difficult, thus giving a 
better guarantee for reliability of operation. As in the cost of erection, the vertical 
engine is also cheaper in cost of manufacture and in maintenance and attendance. If 
besides this, we take into consideration that a vertical motor is free to expand axially, 
due to the heat generated in operation, can be most easily direct-connected to any 
consumer of power, and takes only about two-thirds of the floor space of a horizontal 
machine of the same power, we shall have touched upon all of the important advan- 
tages of this type of construction. 

There are, however, cases in which the horizontal type has the preference. As 
long as we do not possess gas-cleaning apparatus, which is both perfect and economical, 
a large blast-furnace gas engine for instance should be horizontal. The reason for 
this is that any mechanical impurities in the gas are apt to adhere to the piston faces 
and cylinder bores of vertical machines, and may easily do damage. In_ horizontal 
machines, on the contrary, the combustion chamber and the valve ports may be so 
designed that the solid impurities of the gas can be swept out to a great extent by 
the exhaust gases, or can, at least, be kept away from sliding surfaces. What is said 
here regarding blast-furnace gas applies more or less to all industrial gases and 
especially to the coal-dust engine. Again, for double-acting engines the vertical is not 
the best form, because the placing of the valves in the lower head and their operation 
in this position would cause trouble. The lower head itself could be but imperfectly 
water-cooled. For very large power capacities the vertical type of engine is out of 
the question, as it is also in the case where pump or air cylinders are to be connected 
to the extended piston rod. 

Very often the statement is made that the valve gear of vertical machines is more 
complex and involved than that of the horizontal. The writer does not consider this 
well founded, and will show later that it is possible to provide the vertical engine with 
a valve gear of simple and mechanically correct form. Further, it is stated that the 
crank-shaft of vertical engines is too much concealed, that it is hard to watch and to 
keep in order. To meet this it is merely necessary to point to the vertical machines 
of great power with which our war-ships and our merchant marine are equipped. 
These machines are subject to long-continued service operation under conditions much 
more severe than those found on land. A properly designed and well constructed 
crank-pin should not require anxious care jf it is kept cool, protected from dust, and 
well lubricated. All of this, however, is accomplished with more ease in a vertical 
than in a horizontal machine; in the first place because the bearings are less subject 
to the radiant heat of the cylinder; secondly, because the frame body can be tightly 
enclosed; and, lastly, because the shaft so enclosed can be abundantly oiled without 
loss of lubricant and without the fouling due to flying grease. Even a complete 
enclosing of the frame does not affect the ventilation of the crank case if the interior 
is connected to the outer air by means of an equalization pipe. The engine room, 
however, will by this means be kept free from the often bothersome radiation of heat 
and the vapor from overheated oil. 

According to all of the above, there should be little doubt that up to 150-200 
I.H.P. per cylinder the vertical type of engine is, in general, fully the equal of the 
horizontal, and is in fact in many points superior. It is therefore to be expected that 
the vertical engine will have a future as a commercial gas power machine. 
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III. With or Without Cross=head 


When, a few years after the appearance of Otto’s gas engine, internal-combustion 
engines were no longer constructed with a cross-head, the maximum explosion pressures 
were from 140-170 lbs. per sq.in., while the mean pressure of the expansion rarely 
exceeded 50 lbs. per sq.in. At that time gas-engine practice was dominated by the 
wishes and requirements of the small power user, who, more strongly then than to-day, 
was looking for lowest prices, minimum room requirement, and greatest simplicity. In 
the meantime the small engine grew to be a first-class prime mover in the commercial 
field. The working pressures increased to from 350-500 lbs. per sq.in., the mean effective 
pressure to 110 lbs. per sq.in. and over. Such changed conditions naturally demanded 
much stricter requirements in the construction of this type of heat engine, and it 
would seem to the writer that among these requirements the question » Wath or 
without cross-head’’ deserves special consideration. 

Nobody would look upon a steam engine without a cross-head as quite or entirely 
first class; on the contrary, stationary steam engines with trunk pistons have acquired 
so bad a reputation that they, have one after the other disappeared from the market, 
or, at least, have been forced to a pos:tion of little importance. It is certainly true 
that one experience can perhaps not be generalized, and that these opinions of the 
designer of steam engines need not be considered binding by the constructor of gas 
engines. But a very small part of the mistrust, founded on the facts of hard experience, 
that the former entertains for the entire absence of cross-head, would not come amiss to 
the latter. The writer will try to prove this. 

The omission of the cross-head in the case of small and even medium-sized gas 
engines, say up to 125-150 I.H.P. per cylinder, is without doubt ‘allowable; the trunk 
pistons can in these cases be made so long that the unit normal pressures on the 
piston barrel and ‘the cylinder wall are very small, thus affecting durability but 
little. Although, in this construction, cylinder lubrication requires greater attention and 
the piston rings are apt to blow through quicker than in case a cross-head is used, 
these disadvantages seldom cause trouble in commercial machines, and they are in 
most cases counterbalanced by the advantages of this method of construction. In the 
case of large engines, however, the conditions are materially different. If, in these 
machines, the connecting rod thrust is to be kept within limits safe for pistons and 
cylinder walls, and if this lateral pressure is not to interfere seriously with the work 
of the piston rings, the trunk piston must be made of such abnormal length as to 
cause trouble both in manufacture and in operation. With the size of piston we find 
an increase also in the internal and the expansion stresses, and in the inertia forces. 
The problems of properly fitting the sliding surfaces and of their lubrication finally 
present insurmountable difficulties. To realize this it is only necessary to remember 
that piston lengths exceeding 6 ft. have been proposed. How is it possible for the 
designer, the shop, or the operator, to absolutely control machine elements which are 
of such extreme size and at the same time of such vital importance? Which method 
of cylinder lubrication is capable of satisfactorily and economically oiling a piston 
surface of 60-80 sq.ft.? The union of several important operations or offices in one 
machine member is always a weak point, but it is entirely bad when these various. 
offices are to each other as fire and water, i.e., when they are naturally contradictory. 
The most appropriate example of this practice is the trunk piston of some of our 
single-acting large gas engines. The purpose of the piston is in the first place to act as 
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a machine element transmitting gas pressure without leakage, and although it is just 
barely able to perform this primary duty, it has besides this also been utilized as a 
heavily loaded machine member taking up lateral thrusts, much to the detriment of the 
proper performance of its chief office. That was a mistake. The piston should be 
designed to its smallest detail purely as an element to transmit gas pressure without 
leakage losses, the same should be done for the cross-head as an element to resist 
lateral thrust, and the two should not be united. The fact that the separate cross- 
head increases the length of the machine by the length of the piston rod and that the 
manufacturing cost is increased by a few per cent, is fully counterbalanced by better 
construction, less liability to repair, and greater life of the machine. 

An important advantage of this construction is the single fact that the piston pin, 
which is usually hard to get at, difficult to keep in order, and often of barely sufficient 
size, is replaced by the easily accessible cross-head pin, which can be made with any 
desired dimensions and is easily lubricated and taken care of. 

The use of a separate cross-head has no noticeable effect upon the lost work of 
the machine, i.e., the mechanical efficiency is not affected. This is proved by results 
obtained from Otto and Diesel engines. In the case of large engines even the contrary 
may be expected, because the coefficient of friction for a properly designed cross-head is 
evidently less than that for piston and cylinder surfaces highly heated, imperfectly 
lubricated, and subject to varying expansions and contractions. Under conditions so 
unfavorable to good lubrication it is really self-evident that the internal rubbing 
surfaces must be loaded as little as possible and consequently that they should be at 
the outset relieved of any lateral thrusts. The latter no longer amounts to a few 
hundred pounds only, in some of the largest engines it exceeds twelve and even fifteen 
tons during the expansion stroke, and it seems to the writer that it would pay to 
take care of such forces of transmission in the proper place. 

As a necessary part of double-acting engines, and not on the basis of the above 
considerations, the cross-head again finds extended application in recent gas-engine 
practice. For the time being, this important step in advance is of benefit only to a 
few large industrial types, but it is beyond question that in the near future all large 
gas-engine design will revert to the use of the separate cross-head. 


IV. Single=- or Double=-acting Cylinders 


The first gas engines were double-acting and great consumers of gas and oil, 
which in a few years led to the abandonment of the use of the front end of the 
cylinder in order to keep the piston and cylinder bore cool by free convection. A 
little later this led to a considerable simplification of the entire construction in that 
cross-head and piston rod were also done away with. Following this, for a number of 
years, the Jouble-acting principle was looked upon as impractical. For small and 
medium sized machines this view is probably quite justified, because to build them 
double-acting would make them more complex without good reason, would increase the 
length of the machine and raise the manufacturing cost. In such a case a two-cylinder 
machine is on all accounts cheaper than a double-acting single cylinder. 

The case is different, however, for large machines. The complete development of 
this type of machine and special considerations regarding its field of application 
demand the greatest possible cylinder capacity, and this-is best obtained economically 
by decreasing the piston displacement required per unit of power, that is, through a 
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smaller number of working strokes and the use of both sides of the piston. In 
consequence of the more uniform crank efforts of double-acting machines, the weights 
of rotating parts can be made less than for single-acting engines (for the 4-cycle, for 
instance, the decrease is from 35-40%). 

The great importance of this for large powers will be shown on page 63. A 
further practical advantage of double-acting machines is seen in the fact that the 
main driving mechanism of the engine is mechanically better utilized on account of 
greater specific power capacity. This, combined with the elimination of lateral thrust 
on the piston, causes a comparatively smaller amount of lost work, which in turn 
means higher fuel economy per brake horse-power for the same thermal efficiency at the 
cylinder. 

These considerations have in the last few years led designers to again take up the 
construction of double-acting gas engines, and through the use of this principle several 
new and promising types have already been developed. The results so far obtained 
seem also to point strongly to a more general use of this mcthod of operation for 
medium sized engines. 

The employment of both sides of the piston makes it necessary, as in the case of 
large trunk pistons, to water-cool the piston and usually also the piston rod, and no 
great difficulty is encountered in doing it. The question of the stuffing-box, which was 
formerly so important, can to-day be considered solved for all practical purposes. As 
a result cf experiments on the older types of single-acting tandem engines, and after 
years of practical experience, serviceable metallic packings for piston rods have been 
developed. The most difficult part of the design is found in the proper shaping of the 
cylinder heads, because the water-cooled stuffing-box leaves but little room for valves. 
and igniters, and the number of openings in the head is apt to render it weak and 
less free to expand and contract. It is especially difficult to satisfactorily design the 
crank-end cylinder cover. In small engines this difficulty is not so strongly felt, 
because in that case the valve openings may be placed in the sides of the cylinder, 
thus keeping the head free and incidentally simplifying the valve gear. For large 
machines, however, such design is not satisfactory, for constructive and _ practical 
reasons, and should not be used, if only for the reason that the compression space is 
apt to be badly cut up. 

In several of the more recent designs of large double-acting gas engines, however, 
the cylinder heads have been simplified by placing the inlet and outlet valves at the 
ends of the cylinder in a perpendicular plane through the cylinder axis, as is very 
often done in poppet-valve steam engines. It is true that by this means the cylinder 
heads are rendered much more satisfactory; further, it becomes easier to get at the 
inside of the cylinder and at the piston; on the other hand the constructive and 
operative difficulties before found in the heads are now transferred to the cylinder 
itself, i.e., to the most important part of the entire machine. Thermally, also, this 
valve arrangement is not satisfactory because it involves, even more so than in the 
case of the oldform of cylinder heads, a form of combustion chamber not favorable to 
good combustion of the charge.! There is little possibility that this difficulty can ever 
be entirely overcome, and it is likely, therefore, that this type of large double-acting 
engine will labor under a certain thermodynamic disadvantage for some time to come. 
Practically, however, this point has little weight when, in all other respects, the double- 
acting type has the advantage over the single-acting. 


‘Transiator’s Note. The objections to this type of cylinder seem to have been quite successfully 
overcome, as it is to-day used in many large engines. See Part IV. 
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This condition of things, i.e., complicated cylinder heads and unsatisfactory 
vombustion chambers, can be very much relieved by employing the piston to~ operate 
the exhaust through a ring of ports at the middle of the cylinder. In such a case one 
valve is done away with and room is gained. Exhaust ports operated by the piston, 
however, can only be used in 2-cycle machines, which leads to the idea of combining 
the double-acting with the 2-cycle principle, as has already been done in the Korting 
engine. Another step in advance could be made by designing the cross-head, which in 
double-acting engines is a necessary part, as a pump for the air required for scavenging 
the cylinder, thus eliminating a separate pump. The writer first employed such a 
cross-head for a single-acting 2-cycle machine in the Diesel-Giildner engine. The 
doubling of the pump piston area required to scavenge both ends of the cylinder does 
not give any sensible trouble. Finally, the double-acting 2-cycle engine offers another 
advantage of importance in the case of large engines, in that the inertia of the 
reciprocating parts is taken up in the compression of the charge at .the end of each 
stroke, and does not cause the disagreeable reversal of pressure common to all 4-cycle 
machines. In a combination of the 2-cycle principle with double-acting operation we thus 
possess the most natural means of bringing the internal combustion-engine in an economical 
form to its highest capacity. 


V. Multi-cylinder Arrangements 


The reason which determines the employment of several cylinders in the case of 
the steam engine, i.e., further decrease of fuel consumption, does not exist for the gas 
engine. In the case of the latter, considerations of construction and manufacture, in 
connection with manufacturing costs, compel a division of power between several 
cylinders. Let us first consider the 4-cycle engine. Although the explosion pressure 
occurs every fourth stroke only, and even then decreases very rapidly, it is necessary 
to build the driving mechanism, and in fact the entire machine, to meet the highest 
pressure. On that account the diameters of the shaft journals and especially the crank 
pin become comparatively large, which in turn means greater friction losses and which, 
in the case of large cylinder diameters, may lead to unwieldy and very costly construc- 
tions. This useless massing of metal, together with the increasing lost work, is the more 
strongly felt when we consider that the mean pressure of the 4-cycle strokes is only a 
comparatively small part of the explosion pressure (see p. 68). The influence of this 
unfavorable pressure ratio upon the driving mechanism of the engine is also strongly 
manifested in the weight of rotating masses required to insure the necessary uniformity 
of rotation. A single-acting 4-cycle engine requires a fly-wheel weight of at least 
110 lbs. per brake horse-power when the peripheral speed of wheel is about 66 ft. per 


second and the coefficient of regulation as high as ae For a 500 H.P. machine of 


20° 
this type, therefore, the fly-wheel would weigh about 55000 lbs., which is roughly one- 
en ae ; : 1 

third of the entire engine weight. For electric lighting operation, with O=75, the 
engine at the same rotative speed would have to have a wheel weighing about 
1 

7 135’ 
of 330000 Ibs. would be required. Such enormous rotative masses increase the cust of 
manufacture in a manner nearly prohibitive, on the one hand, owing to their own cost, 


187 000 lbs.; and for the running of alternators in parallel, with d= even a weight 
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on the other to the necessary increase in the size of shafts, bearings, foundations, etc. 
Thus it happens that, above a certain engine capacity and a certain coefficient of 
regulation, two-cylinder and multi-cylinder engines can be built at less cost than single- 
cylinder machines of the same capacity, owing to the fact that on account of much 
more uniform crank efforts much lhghter fly-wheels can be used. 

Not less serious are the practical difficulties which oppose the increase of capacity 
of large single-cylinder 4-cycle engines. Parts of the machine, enormous alike in their 
dimensions and their weight, require in their manufacture unusually heavy machine 
tools and other costly shop facilities which cannot be operated economically because 
they are not steadily employed and are used only occasionally to their fullest capacity. 
For this reason, together with the fact that the manufacture of the important parts is 
complicated and often uncertain, the manufacturing costs become inadmissibly high and 
periods of delivery are greatly lengthened. 

In the finished machine new difficulties are brought to light. Cylinders and 
cylinder covers, which, merely on account of their size and complicated form, are not 
easily kept free from internal stresses during the course of manufacture, are subjected 
to additional stresses, owing to uneven expansion under the heat developed in opera- 
tion. This may easily cause a total stress exceeding the elastic limit of the material 
and may eventually lead to warping and rupture of the parts concerned (see pp. 120 
and 131). Many thousand parts have already been lost in this way. The exact fitting 
of the unwieldy pistons in the cylinder bores becomes extremely difficult; too much 
play means constant leakage, i.e., loss of gas and of pressure, noisy operation, etc.; 
too tight a fit causes large friction losses through piston friction and consequent 
scoring of the cylinder walls. These losses are aggravated by difficulties which operate 
against certain and uniform lubrication of the large piston surfaces. In a limited 
degree water-cooling of the piston offers a useful remedy for these defects, but the 
gain is bought at the expense of an undesirable increase in the number of machine 
parts and an increase in the weight of the reciprocating masses. 

Although such unfavorable mechanical conditions are in themselves sufficient to 
seriously affect the economy and reliability of large single-cylinder 4-cycle machines, a 
further heavy disadvantage comes in when we consider that the thermal operations 
inside of the cylinder also lose efficiency slowly as the cylinder sizes increase beyond a 
certain limit. Since the ratio of superficial area of the combustion chamber to its 
volume grows smaller as the stroke volumes increase, and the walls are made thicker 
from considerations of strength, less heat will be conducted through the walls and more 
will be stored up in them, which means that the allowable compression pressures must 
be steadily decreased (see p. 52). Consequently the thermal efficiency and the capacity 
per unit stroke volume will be correspondingly decreased, and the difficulty already 
encountered in satisfactorily igniting and completely burning such large charge volumes 
is still further magnified by the increase of compression volumes. This point is 
especially serious because these large machines are ordinarily run on lean gases difficult 
to ignite. That is the reason why in single-cylinder engines the heat supplied is 
thermally best utilized in sizes between 50-100 H.P., and why only in isolated cases is 
there a gain shown up to 150 H.P. Beyond this capacity we usually find a loss 
rather than a gain in economy. 

Led by these considerations, German designers to-day seldom go beyond 300 B.H.P. 
in a single-cylinder single-acting 4-cycle machine operating on lean industrial gases. 
Greater capacities are obtained either by decreasing the number of strokes to a cycle 
or, if the 4-cycle is retained, by making it double-acting or by increasing the number 
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of cylinders. Under such conditions the work can be handled with facility, both in the 
shop and the drafting room, and the machines possess a greater degree of reliability, 
since in case of need every cylinder, or each side of a piston, can be operated 
independently. 

The lower limit for the division of engine capacity among several cylinders 
depends mainly upon the requirements of regulation; and, in the case of auto-engines, 
upon the required degree of balance; for the rest it is left to the judgment of the 
designer. In the case of stationary single-acting horizontal engines, two cylinders are 
usually not employed until the capacity exceeds 100-150 H.P.; for stationary vertical 
machines, however, the limit of division is usually lower than this. For auto-engines 
the deciding elements in this respect are mainly satisfactory counterbalance of the 
moving parts and the room available for installation. 

Multi-cylinder arrangement, as applied to the construction of large units, has lost 
considerably in importance since the extended introduction of the double-acting type. 
After a short period of trial in this field these three- and four-crank constructions are 
considered quite as obsolete as the old so-called opposed engines, and they conse- 
quently find application to-day only in special designs, as for automobile machines, 
ete. In stationary practice the aim is to employ two cylinders at most, and these may 
be arranged either in tandem or side by side (twin engine) with the fly-wheel between 
them. Only the largest sizes, exceeding 1000 H.P., compel the use of four cylinders, 
which are usually arranged as two tandem engines side by side. 

The comparative values of the usual multiple cylinder arrangements, with respect to 
the variation of crank efforts or the regulation, are given numerically in Tables 22 and 
23, pp. 230 and 231. From these it is seen that the single-cylinder single-acting 
4-cycle machine with ignitions 720° apart shows the least favorable result, while the 
double-acting two-cylinder 2-cycle or the double-tandem double-acting 4-cycle with 
ignitions every 90° of crank angle show the best. Referred to the weight of fly-wheel 
rim to be furnished per unit of power to two the extreme types of engine above 
mentioned, for otherwise exactly similar conditions, the ratio is found to be about 
65 to 1. This fact natrually becomes most important in the case of large engine 
capacities and rigid requirements of regulation. 

In general, the double-acting tandem machine has the disadvantage that the inside 
of the cylinders and the pistons are not easily accessible. Within certain limits this 
may be remedied by making the connecting piece between the two cylinders of 
sufficient length and of simple open form, although this means a further increase of 
the already great length of this type of machine and a decrease in the stiffness of the 
connecting member. On the other hand, the tandem machine can usually be built 
somewhat cheaper than a two-cylinder (side by side, so-called twin) machine of the 
same capacity. Another advantage of the former is that the second cylinder may be 
installed later, as the demand for power may require, and by doing this the coefficient 
of regulation for the original fly-wheel may be improved from 20 to 25% in spite of 
the doubling of engine capacity. 

The weight of the reciprocating parts is relatively considerably greater in a tandem 
engine than in a twin machine, and consequently the rotative speed of the former is 
limited. From the standpoint of reliability of operation the tandem machine is also a 
little inferior to the twin, because any accident to the driving mechanism of the 
former, as for instance the heating of the crank pin, shuts down the entire machine, 
while in the case of the twin engine one cylinder may be kept in operation. 

The foundations for tandem engines are always somewhat less simple than those 
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for twin engines, but the difficulties here encountered can be overcome when the 
machine parts concerned have been properly built and the ground under the foundation 
is safe. 


VI. Complete Expansion and Compounding 


If the expansion volume of a charge is the same as the suction volume, that is, 
when the ratio of expansion is equal to the ratio of compression, which is practically 
always the case in engines fully loaded, the burned gases will, at the moment of 
exhaust, be under a pressure of from 35 to 60 lbs. which is not utilized. This loss may 
be diminished if the burned gases are allowed to expand beyond the suction volume, 
which may be done, for instance, by making the effective suction stroke shorter than 
the expansion stroke. This problem has occupied designers from the time of Otto, and 
some of the older solutions of it are found in the gas engines of Charon. The simplest 
solution was given by Kohler,! who, by closing the inlet valve before the end of the 
suction stroke, makes the charge volume taken in less than the piston displacement. 
The Korting Brothers first put this idea into practice in 1891 in their “precision % 
gas engines, but perfected it by putting the time of closure of the inlet valve under 
the control of the governor, thus suiting it to the load. Although this results in a 
very flexible system of speed regulation, the real aim of Kohler’s idea, an increase in 
the thermal efficiency, was not thereby realized. The reasons for this are: At full load, 
with this method of regulation the suction volume is nearly or quite equal to the 
expansion volume; with a decreasing load the expansion becomes more and more 
complete, but at the same time the compression pressure decreases, and any advantage 
gained by the former is nearly or entirely lost by the unfavorable influence of the 
latter. 

If complete expansion is to show economic gain, the compression pressure must 
remain normal for all loads; in such a case the indicated thermal efficiency is really 
the greater, the further such expansion is carried, p. 12. But the economic efficiency 
does not increase in the same ratio. Every increase in the expansion volume entails a 
decrease in the mean working pressure, and consequently also a lowering of engine 
capacity per unit volume. From this it follows that the engine mechanism is less 
completely utilized, and that the ratio of lost work to indicated work becomes greater. 
Thus, at some point, the theoretical advantage of complete expansion is changed to a 
practical disadvantage. How far expansion can be carried with economy cannot in 
general be definitely stated, but it is certain that the lower the normal compression 
pressure, the richer the mixture, p. 37, the slower the combustion of the charge, and 
the smaller the engine friction, the greater may be the ratio of expansion. Anything 
less than a final expansion pressure of 15 lbs. by gauge at full load is rarely used, 
because under such conditions the mean piston pressure or the capacity per unit volume 
would become too small. 

In conformity with the practice of compounding in steam-engine design, attempts 
have from the first been repeatedly made to utilize the expansive force of the exhaust 
gases in a second cylinder, but always with equal failure. At best the constructed 
compound gas engines showed the economy of fair single-cylinder engines, but as regards 
simplicity, cheapness of construction, and reliability of operation, they were always inferior 
to the latter. The reasons for the failures of these experiments are to be found mainly 


1 Kohler, ‘‘Theorie der Gasmotoren,’”’ Leipzig, 1877, p. 22. 


FUNDAMENTAL CONSIDERATIONS 67 


in the high temperatures encountered and in the low specific heat of the burned gases. 
To obtain in the low-pressure cylinder a mean effective pressure at all commensurate 
with the friction loss, it is necessary to cut short the expansion in the first or 
combustion cylinder. The gases, still under high pressure and often as yet in process 
of combustion, then have a temperature far exceeding 1800° F., and for that reason 
the valves between the cylinders can be kept in fair shape only by thorough water- 
cooling. But this deprives the gases of a considerable proportion of their quantity of 
heat, and this, together with fluid friction losses, causes a decided drop in pressure. 
The loss of heat during the transfer of the gas is incredibly high. The writer remem- 
bers a case in which the cooling water from the two intermediate valves carried away 
as much heat as was transformed into indicated work, and for which the actual 
indicator diagrams showed only one-half the area of the ideal. It is also found that 
the jacket loss from the high-pressure cylinder is very large because, owing to the early 
exhaust opening, the mean temperature of the cylinder is considerably higher than that 
found in single-cylinder engines. This high mean temperature in turn has an unfavor- 
able effect upon the lubrication of the high-pressure piston, especially since the mean 
pressure is also far above the normal. 

' Taking it altogether, experiences so far hardly admit of a doubt that from the 
use of extended or complete expansion we can only expect an economic gain in the 
case of machines employing low compression, and even in such case only when the 
idea is carried out in one cylinder and with the simplest means. Compounding is 
and will remain without promise in gas-engine construction. 


VII. Ratio of Stroke to Diameter and the Speed of Rotation 


In theory purely thermal considerations appear to make it advantageous to build 
gas engines with shortest possible stroke and the highest possible rotative speed, in 
order to shorten the time of combustion and expansion to the greatest possible extent, 
and thus to decrease the heat losses to the cooling water. For cooling is a function of 
its time of action, and this is decreased when, with the same piston speed, the 
ratio pone 2 is small. But for any machine, practical and not theoretical conside- 

diameter D 
rations have the call, and in this case practice makes demands directly opposed to 
theory, i.e., greatest possible stroke and moderate speed of rotation. 

The reasons for this are various. In the first place it should be considered that a 
decrease in the length of the stroke means a corresponding decrease in the time 
available for the various operations of charging and discharging; the mixture is apt to 
be less uniform and the combustion less complete; the volumetric efficiency of the 
cylinder falls off with a consequent decrease in the charge volume. It should not be 
forgotten that for half of its time of operation the gas engine is an air pump and all 
conditions which affect the efficiency of such a pump affect the internal-combustion 
engine in a like manner. It is known that the volumetric efficiency of the suction 
stroke is, in general, but little dependent upon the rotative speed, if the stroke is long, 
as compared with cylinder diameter. This makes it possible for the designer to choose 


high speeds of rotation with high ratios of = as long as he properly adapts the mixing 


and ignition arrangements to the high speeds. The more perfect the mixture of air 
and of fuel, the purer the mixture itself, and the more efficient the ignition apparatus 
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the higher may be the piston speed—provided that thereby the efficiency of the 
machine as a pump is not decreased. This may be easily prevented by the use of 
correctly designed and properly actuated inlet and outlet valves. The largest stationary 
gas engines of to-day already employ piston speeds exceeding 780 ft. per minute 


with a ratio of Fa1.2 to 1.3. This present limit is certainly capable of extension if the 


Papows ‘ : ; : 
ratio 7 is taken at a more favorable, i.e., a higher figure, and if by the expedient of 


making the cylinders double-acting the momentum of the reciprocating engine parts 
can be cushioned against the compression.! 

The length of the stroke also has an important influence upon the shape of the 
combustion chamber, whose volume is of course proportional to the stroke volume. 
The present high compression pressures already make it difficult to so place inlet and 
outlet valves of sufficient size in the cylinder heads that enough internal cooling 
surface remains. The unfavorable effect of port openings upon the amount of cooling 
surface and upon the strength and elasticity of the casting itself is the more seriously 
felt the shorter the length of the compression space. In the case of cylinder heads of 
long-stroke machines, more space is available, it is easy to properly place the valves, 
and the port area amounts to a smaller part of the total enveloping surface of the 
combustion chamber. 

To this must be added the fact that, for equal piston displacement, that is, for 
equal engine capacity, the longer the stroke the smaller will be the cylinder diameter, 
and consequently also the maximum distance of flame propagation. Since the length of 
the compression chamber is in all cases only a part of the cylinder diameter, an 
increase of the former at the expense of the diameter is of advantage to ignition and 
combustion. 

The error in the use of short strokes in gas engines is, however, most strongly brought 
out when we examine the effect upon engine proportions. It is clear that the strength 
of every machine part must be computed on the basis of total piston pressure resulting 
from the maximum pressure of explosion. The capacity of the machine, however, does 
not depend upon this total maximum but upon the total mean pressure, and the metal 
in all parts of the machine is therefore better utilized the nearer maximum and mean 
pressures are together. If the mean pressure is comparatively low, the aim must be to 
also decrease the maximum pressures, which, with a given piston displacement or engine 
capacity, can only be done by decreasing the cylinder diameter and increasing the 
stroke. Now in the case of 4-cycle engines the ratio of mean to maximum working 
pressure is very low (with an explosion pressure of 350 lbs. and a mean effective 
oF 15 to 1), and therefore the 
rule to obtain the necessary piston displacement with small piston area and long stroke 
applies most strongly to this type of engine. If this rule is neglected we arrive at 
machine dimensions which are uneconomical both on constructive and practical grounds. 
This becomes especially noticeable in the driving gear, more particularly in the crank 
pin, because at this point the entire force transmitted to the frame is concentrated. 
Diagrams, Figs. 31 and 32, show these conditions clearly. In Fig. 31 are given the 


pressure of 92 lbs. per sq.in., the ratio would be 350+ 


1The smaller automobile engines have already exceeded piston speeds of 1170 ft. per min.; as an 
example, the 12 H.P. double cylinder auto-engine of Remington makes 800 turns per minute, which with 
4.02” cyl. diameter and 10” stroke, gives a piston speed of 22.3 ft. per sec. =1338 ft. per min. 
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erank-pin diameters for gas engines [as computed from eq. (33n), p. 166, with a maximum 
explosion pressure of pe=350 lbs. per sq.in.] and for steam engines (initial steam pressure 
170 lbs. per. sq.in.) for various cylinder diameters. It is seen at once that the gas 
engine is at aconsiderable disadvantage. The lower curve of Fig. 32 shows the increase 


in crank-pin diameter for various ratios of es but for equal piston displacement or 


equal engine capacity. Now it would of course be possible, if it is desired to use short 
strokes, to increase the number of revolutions instead of increasing the cylinder 
diameter, thus leaving the maximum total pressure the same. What that tends to, 
however, is indicated by the upper curve of Fig. 32, which shows the increase in peri- 
pheral velocity, v, at the surface of the crank pin for constant crank pin and cylinder 


diameters, and for constant piston speeds, but for decreasing ratios = and consequently 


increasing speeds of rotation. Since the work lost in friction at the crank pin (expressed 



































O=z/2 72 20, 28 GWG #4 $2 S:0= 25 29 5 40, OFS 
Fic. 31.—Wrist-pin Diameters for Gas and Fig. 32.—Wrist-pin Diameters and Peripheral Speeds 
Steam Engines. in Gas Engines for Varying Ratios of Stroke to 
Diameter. 


by the product k-v) must not, for. obvious reasons, exceed a certain amount, an 
increase in the peripheral velocity, v, calls for a corresponding decrease in the pressure, 
k, per unit of area. The unit pressure, however, can only be decreased by making the 
crank pin longer, which, in turn, calls for a larger crank-pin diameter from considera- 
tions of strength. Thus it is quite evident that an increased number of turns cannot 
be made to equalize the constructive disadvantages of short stroke. 

The superiority of long strokes with reference to static strength conditions is, 
however, by no means confined to the short period of explosion. It continues through- 
out the expansion period, the maximum torsional moment being smaller than in short- 
stroke machines of equal piston displacement in spite of the greater crank radius. 
Assume, for instance, that the piston displacement required for a given engine capacity 
is 2.65 cu.ft., and that this displacement is obtained in two engines of the following 
dimensions: 


Case I. Cyl. diameter, 11.8’; stroke, 29.8’; ratio 5 =2.5. 


Case II. Cyl. diameter, 16.1’; stroke, 16.1’; ratio Fal. 


We shall then have the following results: 


70 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


Case I. Case IL. 
Max. total pressure on piston 39 000 lbs. 72 500 lbs., assuming 356 lbs. expl. pressure. 
Pressure on piston for max. 
turning moment....... 25 300 lbs. 47 300 lbs. | at about 12% of stroke, or 
Max. tangential pressure at crank angle of 40°. 
Crank Pll ae ces ces 20 200 lbs. 37 800 lbs. 
Max. turning moment..... 298000 in.-lbs. 307000 in.-lbs. 


This table clearly shows that in Case II the machine parts have to be made 
considerably heavier to withstand the greater loads, although the engines are of 
about the same horse-power capacity. 

We thus come to the final conclusion that the use of ratios of stroke, S, to cylinder 
diameter, D, as large as possible is of general advantage in internal-combustion engines, and 
should be resorted to much more extensively than it is, especially when explosion 
pressures are high. The fact that long strokes require a somewhat greater length of 
machine is outweighed by the actual advantages derived, at least for stationary 
engines. 

Petroleum engines are not excluded from this rule. It is usual to justify the use 
of short strokes in this type of engine by claiming that small piston travel and high 
speed of rotation give less chance for condensation of the kerosene vapor on the 
cylinder walls. In this connection one is apt to overlook the fact that in short-strokw 
engines the amount of kerosene drawn in is smaller (on account of lower volumetric 
efficiency) and that the ratio of cylinder surface to charge volume increases. Oil 
engines especially should therefore combine longest possible stroke with highest possible 
speed of rotation. 


VIII. The Standard Indicator Diagram and the Allowable Stresses in Materials 


It would be entirely too early, and uneconomical in construction, at this time, to 
adopt in general a maximum explosion pressure of from 500-560 lbs. in strength 
computations, although this has; on page 16, been shown to be the pressure limit up to 
which gain in efficiency may be expected. As yet there are only a few types of engines 
in which the pressure’ exceeds 360 lbs., while the greater majority show explosion 
pressures that do not greatly exceed 300 lbs. In spite of these facts, however, it is not 
advisable in new designs to use the common figure of 300 lbs. as a basis for compu- 
tation. It is better to make pz equal to at least 360 lbs., and even then to adopt 
allowable unit stresses low enough to allow explosion pressures of say 425 lbs. in case 
of need without endangering the construction. In this manner a free way is left open 
for any changes in the working diagram that may appear desirable at a later date, an 
early scrapping of the patterns is guarded against and their use is less restricted. 

In the following strength computations the fundamental general formule and 
equations are first developed and from these,- special equations (whose numbers are 
marked with the letter n) applying to the standard diagram, Fig. 33, are then derived. 
This standard diagram and the special formule based upon it simplify computations 
very much, allow of quick and certain insight into the principal interdependent _ 
features, and guard the inexperienced designer against faulty judgment. With a 
compression pressure p- equal to 128 lbs., and a mean effective pressure of 96.5 lbs. 
per sq.in. (most faverabie assumption) the diagram shows a maximum pressure of 
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356 lbs., which is taken as the basis in strength computations. With this unit pressure 
the maximum total pressure on the piston for a cylinder diameter of D inches will be 


P.=356 x .785 D? =279.4 D?~ 280 D? Ibs. 


With the aid of this equation the special formule above mentioned are derived. 
For the reasons already mentioned, it is not advisable to employ a lower total pressure 
in the computations, even if the regular use of a lower explosion pressure is intended. 
On the other hand, the special formule are no longer applicable as soon as the explo- 
sion pressure exceeds 356 Ibs. The outside limit of application of these equations may 
be taken at 425 lbs., provided both material and workmanship are excellent. For 
further details of the standard diagram, see page 155. 

The inertia pressures due to acceleration and retardation of the moving machine 
parts relieve the compression and explosion 
pressures on the driving gear by a few 
pounds per square inch of piston; but the 
amount of this reduction depends upon the 
velocity. Thus, for instance, at starting 2& 
it is almost nothing, and it should not 
therefore be taken into consideration in 
strength computations. If in spite of this 44 
it should be taken into account, the work- 
ing parts may be subjected to the highest 
stresses just at the time when the work- 
ing pressures are under least control and 
accidental excess pressures most likely to 
occur. 

All working parts intended for engines 
using different kinds of fuel should be 
constructed for the working medium or 
fuel furnishing the maximum pressure, be- Fic. 33.—Standard Diagram used in the Deriva- - 
cause the differences in the explosion pres- tion of the Machine Design Formule. 
sures are not great enough to call for a 
special construction for each combustible. The gas-engine designer in any case must 
figure with a greater margin of safety than, for instance, the designer of steam engines. 
Our heat engine is not supplied, like the steam engine, with a working medium already 
prepared and under definite maximum pressure conditions; instead it is called upon to 
develop its own working pressure by means of a complex chemical process and 
in less than a second. It is consequently unavoidable that the assumed normal 
explosion pressure may in certain unforeseen instances (too early or too late ignition, 
formation of explosive wave due to too rich mixture, insufficient cooling, etc.) be 
temporarily far exceeded. Just such “supernatural forces,’’? however, furnish the proof 
for ‘conscientious design and construction of an internal-combustion engine; many a 
motor too economically designed has under the stress of such circumstances cost its 
designer very dear. 

How high the allowable stresses may be chosen for the various working 
parts is given in each case as accurately as possible. Many examples based on 
successful constructions serve to show the accuracy of these assumptions. If various 
manufacturers use higher allowable stresses for certain materials in one or another of 
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the machine parts, it can only be justified on the ground of superior material. The 
assumption of superior material cannot, however, be generalized. It is to be remem- 
bered that, in many static strength computations, stiffness, 1.e., safety against elastic 
changes of form, is more important than mere strength. A cross-head guide, for 
instance, or a crank-shaft can, in spite of sufficient strength, give rise to serious 
interruptions of service if not designed with proper regard to stiffness or to torsional 
deformation. This point is especially important in the case of sliding or rotating 
machine parts and for surfaces supporting any important packings. 

Be on the safe side! Far-fetched refinements have no place in strength eompu- 
tations; because the estimation of the cause and of the magnitude of the stresses in 
constructions not yet built depends generally upon assumptions which in reality are 
never quite true. At the outset even the properties of our principal materials of 
construction are subject to uncertain variation. Internal stresses and changes induced 
in them during the process of manufacture and afterward escape definite consideration 
altogether. Considering this and the occasional unavoidable accidental occurrences in 
operation, it will be clear that in our strength computations the factor of safety should 
be considered of more importance than the factor of “accuracy,” and that, for the 
rest, the main aim should be to make the work as clear and to the point as possible. 


B. DETERMINATION OF THE PRINCIPAL DIMENSIONS 


I. Cylinder Diameter D and Stroke S on the Basis of Thermodynamic Laws 


It is apparently but a step from the fundamental thermodynamic laws discussed in 
Part II to the determination of the cylinder dimensions required for any given engine 
capacity, but just here is where our present thermodynamic knowledge fails us. It is 
true, of course, that the theoretical pressure diagram of the gas engine is almost 
definitely defined, and the area developed so logically fixed that it is quite easy to 
determine the amount of work done either by means of it or by the aid of fundamental 
equations. But this does not serve the designer, since he has to deal not with the 
theoretical but with the actual indicated diagram. The actual diagram, however, is 
subject to so long a list of accidental variations (as gas content, purity, and temperature 
of mixture, state of mixing and kind of combustion, location and effect of ignition, form 
of combustion chamber, amount of the heat losses, etc.) that it is next to impossible to 
draw even approximate comparisons in this case between theory and practice. If this 
is attempted we are apt to end up with a number of scattering factors of estimation 
and judgment which make it easy to compute any desired result except the correct. 
one, and to which the man at the drawing board becomes accustomed only with 
difficulty, because the deductions are mostly based on the somewhat remote ground of 
strict thermodynamic theory. 

The ratio of the actually indicated work to that shown by the theoretical diagram, 
which in conformity with steam-engine practice we will call the card factor, varies 
between .4 and .8, i.e., the variation is not less than twice the lower limiting value. 
Under such conditions no reliable estimation of the true value is possible. If therefore 
it is desired to obtain easy and practically useful design formule for the determination 
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of the principal dimensions, their derivation should not be based on the theoretical 
card or upon the general fundamental equations for gases. The designer is, then forced 
to use a practical method of computation in which the accuracy of the final result 
depends; as usual, first upon the judgment of the estimator, and secondly, upon the 
correct inter-relation of the various factors of experience that enter the problem. 


If. Dimensions D and S according to the Quantity of Air required for 
Combustion 


The simplest and most certain basis for the determination of the cylinder dimen- 
sions required for any given engine capacity is found in the amount of air necessary 
for combustion. Air is power for the engine builder, for the two are in direct 
proportion. (Doubling the weight of air drawn in allows of a doubling of the weight of 
fuel, increasing the engine capacity in the same ratio). Now the amount of air per 
stroke available for combustion depends only upon the details of construction, and 
since these are under the control of the designer in every case, the method of computing 
the possible capacity of the engine from the amount of air used in unit time, or, 
inversely, of computing the cylinder dimensions required to generate the volume equal 
to the certain volume of air necessary for any given capacity, is to him the most 
natural. This method of computation allows of the fullest consideration of the properties 
of all the various fuels; it requires but very few assumptions, and those that must be 
made are easy of clear determination in the light of experience. 

In the following, a method of computation for the determination of the cylinder 
dimensions based upon the considerations above stated, is briefly outlined. Its practical 
applicability to gas engines of all types and sizes has been demonstrated for some 
years. The scheme incidentally has another advantage in that two values (Ly, and C4), 
which are used later on, for the determination of valve and pipe dimensions, are 
determined at the outset, once for all. 


1. General Fundamental Equations. 
Let N,»=nominal brake horse-power; 
NEED. ; 
D=piston diameter in feet; 
S=stroke of piston in feet; 
Vin=.785D?S =piston displacement in cubic feet; 
V=7n-Vi=the volume of mixture under standard conditions actually drawn in 
(29.9 Hg. and 32° F.); 
L=the practically most favorable amount of air required per cubic foot of gaseous 
or per pound of liquid fuel, in cubic feet. This is not the theoretical amount 
of air required for the fuel, but the theoretical plus such excess as seems 


best in practice; 
Lyn=the actual amount of air required in cubic feet per suction stroke of the engine, 


determined from LZ and for the normal power N,,; 

C;=the amount of fuel used per hour at the normal load Nn, for gases in cubic 
feet, for liquids in pounds; 

C=the amount of fuel per H.P. hour (otherwise same conditions as for 
Cs); e 


C,=the amount of fuel per suction stroke (other conditions as under Cs); 


_ 
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H=the lower heating value of the fuel in B.T.U., for gases per cubic foot, for 
liquids per pound; 
=e = volumetric efficiency of the suction stroke (referred to standard condi- 
tions) ; 
Nn X33 000 X60  2545Nn 





Nw = economic efficiency = thermal efficiency at the brake = 7I8CH = “Ga 
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FoR TWO-CYCLE ENGINES equations (2) and (8) should be divided by 2, because 
there is a charging stroke every revolution. 
/ (a) Engines for Gas Fuel. The actual charge drawn in during one suction stroke 


rhust be 
V pd Gi, = Ln. 


This volume requires an actual piston displacement of 
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(b) Engines for Liquid Fuel. In these engines the fuel is introduced into the 
cylinder either as liquid or vapor. But even in the state of vapor the ratio of fuel 
volume to air volume in the mixture is much smaller than it is with the, richest 
gases. For example, in the case of illuminating gas, about 5.5 volumes of air per 
volume of gas are theoretically required; for benzene vapor the ratio is 45 to 1. [ven 
crude alcohol, comparatively low in heating value, theoretically occupies only about 4% 
of the volume of the mixture, and on account of the excess of air the real figure is 
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between 2 and 3%. In view of this fact the volume occupied by the vapor in the fuel 
mixture may be neglected, and we may write directly 
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Equations (4) to (11) do not contain a single factor that may not in every case 
be determined with accuracy. Depending completely on judgment only are the factors 
nw and je, and in view of the wealth of experience available, a mistake with reference 
to these two is hardly possible. Every designer knows what thermal efficiency on the 
brake (jw) he may demand for the given size of engine and the given kind of fuel. 
A moment’s consideration will also show him that, for instance, for a high-speed 
machine with automatic inlet valve and imperfect cooling, the volumetric efficiency 
(je) must be chosen lower than for good engines of larger size. Values of je based 
upon experience will be found on p. 31, Part I.* For nw, H, and L, Table 7, p. 76, 
gives average practical figures. In this table the figures in columns 3 to 8 refer to the 
nominal H.P. (Nn) of the engine. Since this capacity Nn in good constructions is from 
about 15 to 20% less than possible maximum capacity, and since for this Nmax a sufficient 
excess of air is required, the amount of air required for Nn» should never be taken into 
computation at less than 30% excess over the theoretical amount. But high-compres- 
sion pressures, especially in connection with the rich liquid fuels, require a still’ further 
dilution of the mixture, and amounts of air in excess from 50 to 6C% are common. 
For obvious reasons the amount of air used can be nearer the theoretical the more 
perfect the mixture, the lower the compression, and the more effective the cooling. A 
perfectly uniform mixture is difficult to obtain in the case of liquid fuel engines; the 
fuels used by them are very rich throughout, and, on account of the usually very 
complex charging actions, they are much more sensitive against overload than other 
machines. All of this compels the use of a greater excess of air in liquid fuel engines 
than in others, and this has been taken into account in the figures given in the table. 

The fuel consumption, C (columns 4 to 8) presupposes up-to-date construction and 
proper practical conditions of operation; on the testing floor and in acceptance tests 
better figures are very often obtained. Of course there are still several types which 
appear to be satisfied with lower economy. The consumption of ignition and heating 
apparatus has no connection with the internal operation, and has consequently not 
been taken into account in determining C. In the case oi: power-gas engines it is 
assumed that suction generators are used, in which case separate steam-boilers are not 
required and the generator itself furnishes the heat required for the vaporization of the 
water. The consumption of the gaseous fuels is based on 28.9’ Hg. pressure and 59° F. 
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2. Special Equations for the Principal Fuels. From the fundamental equations (4) 
to (11) we may derive useful special equations for the main gas-engine fuels by sub- 
stituting in them average values for the heating value (H) and for the air required 
(L). Only the factors 7,, and 7, then remain unknown, and these values for the 
given conditions may be taken from the tables. In the derivation of the following 
special equations (12) to (29), which apply to slow-speed stationary engines of fair 
quality, one step further has been taken in that y- has been assumed=.85 for this type 
of engine. For this kind of machine, therefore, the designer.is called upon merely to 
estimate the value of yw for the size of the engine and to determine the fuel to be 
employed. For types differing from the above, high-speed automobile engines, for 
instance, the fundamental equations (4) to (11) should be used, on account of the smaller 
values for nw and 7. 

(a) Encines ror Gas Fueu.—lIlluminating Gas (from bituminous coal): 


H=565 B.T.U. per cucit.; 0=8.5 cu.ft. per cu.ft. 











DANG a. 
D= Vr feet; ee ae ee, Bole pet fee) eo) he) gs co ue me ee ye (12) 
DltNa 
S= Teas TCUPS toe Won ict TOM 8 sy, ke eee) 
2.14Nn 
= .p.m.; Se he) cae Cl 
ESN pp rswn eae (14) 
Power Gas (Producer Gas): 
H=135 B.T.U. per cu.ft.; 2=1.30 cu.ft. per cu.ft. 
je ae feet mame ae ean tt hed “sileregt ad: 2, Gywal cke eM) aceon ranch) 
Snqw 
eons ROG a meatier sae ee, 20 Veet oh 2” “ce Meh cemmeameep oa (16) 


ey D?njw 


2.16N 

= BRU Ee sa) oy son Cae ee ee ee 
n snc Ee Oa oo ia (17) 
Blast-furnace Gas: 


H=108 B.T.U. per cu.ft.; D=1.1 cu.ft. per cu.ft. 
Pet AT Nae 6 18) 
paren HOO t eres tities: Farat_e: wren Cem ete ( 


_2.47Nn ot. Re eine t ances 15.0) 
Sang RAS OF el ool Ce ES 


2.47Nn (20) 


Oe Te Sis. hic) O19 0.8 Saas ° . ° . ° ° ° ° ° . e ° ° ° ° . 
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Examples. 1. Illuminating-gas engine, Otto-Crossley.1. Nn»=35 B.H.P., D=13.2” (1.1 ft.), 


S=20.9" (1.74 ft.), nm ~163 r.p.m., H=547 B.T.U. per cu.ft., 7w=.208. Assume D=8.5 cu.ft, and 
ne=.85 Then according to equation (5), 








4] 108 X 35 X9.5 


=1.14 ft.=13.7”. 
163 X 547 X1.74X .208 X .85 


According to special eq. (12), 








2.14X 35 
= 1.126.ft.=13.5”. 
Ve 


2. Old Type Producer-gas Engine, Otto-Deutz.? Nn=150 B.H.P. in two cylinders, D=20.5’” 
(1.71 ft.), S=380” (2.5 ft.), n~140 r.p.m., 7»=.115 on the basis of coke=about .16 referred to 
producer-gas. H ~130 B.T.U. per cu-ft., assume L=1.25 cu.ft. per cu.ft., and 7e=.85. 

According to eq. (5), 











LOSS oP 2225 
D | X19 X 


=1.72 ft.=20.6", 
140X130X2.5X.16X.85- 


According to special equation (15), 


Ge ce 2.1675 
1,710 $6. = 20:57. 
f 2.5 140X.16 : 











3. Modern Suction Gas-engine, Korting Bros., Nx=100 B.H.P., D=20.5” (1.71 ft.), S=27.6” 
(23st) a n— 140 repens 


With the general assumptions made, we will have by special eq. (15), 


2.16 X 100 
=1.68 ft.=20.2”. 
-\5 3X140X.24 fee y 





4. Suction-gas Engine, Gildner. N,»=100 B.H.P., D=18.7” (1.56 ft.), S=27.6”" (2.3 ft.) 
n=160 r.p.m. 


From special eq. (15), 





\ 2.16 X 100 
: -= 1.53 ft.=18.4”, 
2.3x160X.24 1°? : 





5. Blast-furnace Gas Engine, Korting Bros.? n=100 B.H.P., D=19.7(1.64 ft.), S=34.5" 


(2.87 ft.), n=130 r.p.m., H=112 B.T.U. per cu.ft., C=91.7 cu.ft. per B.H.P. from which yw=.24. 
With ye=.85 and L=1.1 cu.ft. per cu.ft., we will have, according to eq. (5), 





a \ 108 X 1002.1 
130X112 2.87 24.85 


ns 247X100 eke 
2.87X130X.24 =1.66 ft.=19.9”. 


Since eq. (18) assumes H=108 B.T.U. in its derivation, the value for D is in this case 
naturally somewhat greater than by eq. (5). 








=1.63 ft.=19.6””. 
From special eq. (18), 





'Schéttler, Die Gasmaschine, 3d ed., p. 167. 
* Schéttler, Die Gasmaschine, 3d ed., p. 172. 
3 Stahl und Eisen, 1900, p. 413. 
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6. Blast-furnace Gas Engine, Cockerill. Nn=600 B.H.P., D=51.2” (4.26-ft.), S=55.0" (4.59 
ft.), n=95 r.p.m., H=108 B.T.U. per cu.ft., 7»=.19, ne and L assumed as before. Then from (5), 








108 X 600 X 2.1 
p=\ 
95 


= =5 Ad 
X108X 4.50% .19%.85 4 ft.=51.0". 


According to special eq. (18), 


2.47 X600 
eee Gn oe leat 
LEGG CORSE IG ooo ees 


(b) Encines ror Liquip Furu.—Kerosene: 


H =18 900 B.T.U. per lb.; L=300 cu.ft. per lb. 


ZO2Nnie. 
Dee fet te BD 











DOWN gig ; 
se a a ee 
2.02Nn_ 
EeSns | (23) 


Gasoline: 
H=19 000 B.T.U. per lb.; L=280 cu.ft. per lb. 


1.87Nn 
= Ce Ne Re i) Rar Bae Om ge PAE 
D | Sis feet; (24) 








LapNGy es 
nD ons feet; stat satata Kol ere Aor ns) “Ke Moy boule) Tey Ler) Ke, ce (25) 
187 .Na 
aD ain: i p m ° ° ° ° (26) 
Crude Alcohol, about 90% by volume: 
H =10 250 B.T.U. per lb.; L=160 cu.ft. per Ib. 
1.98Nn (27) 
1.98Nx 
S Dine feet; (28) 
1.98Nn 
ay Sie e ° ° ° ° ° ° ° 29 
as SC (29) 


1S8tahl und Hisen, 1900, p. 721. 
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Examples. 1. Kerosene Engine, Grob & Co.! N,=8 B.H.P., D=9.05” (.755 ft.), S=9.05” 
(.755 ft.), n=266 av., H=19 850 B.T.U. per lb., 7»=.136. Assume L=300 cu.ft. per lb., and on 
account of automatic inlet valve 7e=.83. Then according to eq. (9), 





| 108 x8 xX 300 


zo bee a —9 0” 
266 X 19 850 X .755 X .136 X .83 cee 











and from special eq. (21), 


2.02 X8 
aes — D5. 
ae Vo ae Weak sae. on. 





2. Alcohol Engine, Altman & Co.2 D=11.0" (.92 ft.), S=15.8” (1.31 ft.), n=200”. With 
alcohol alone Nn was 18 B.H.P. With a benzol-alcohol mixture yw varied between .13 and .17. 
Assuming the same efficiency of heat transfer gives an average nw=.15 for alcohol alone. Then, 
with L=160 cu.ft. per lb., eq. (9) gives 





954 ft.=11.45’’. 








s | 108 X 18 x 160 
200510250 istylay es 
For special eq. (27), 


[oS ise : 
ae Veit ier ae 


The close agreement of the computed with the actual dimensions shows the 
general applicability of the method above developed. In order to extend it to 2-cycle 
machines it is only necessary to introduce into the formula a factor representing the 
ratio of capacities. This type of machine works throughout with special charging pumps 
whose discharge capacity of course directly affects engine capacity. With pumps of 
sufficient size a means is given of considerably increasing the weight of air per suction 
stroke for the combustion process by merely raising the transfer pressure. The effective 
power of the engine, however, does not increase in the same ratio because the increase 
in the air supply entails a higher exhaust pressure and increased work in the pumps, 
which means a decrease in the mechanical efficiency of the engine. Both of, these 
effects can be taken into account by suitably changing the value of 7. 

The special equations give an insight into the ideal ratios of specific engine 
capacity for the various kinds of engines, assuming 7» the same for all types. To 
judge of the real ratio of capacity, the actual value of 7» must be considered. Thus, 
for example, the ideal capacity ratio between an illuminating-gas and a producer-gas 
engine, assuming 7» equal, would be as 2.16:2.14, from eqs. (12) and (15). The difference 
is very small. In practice, however, the former may be expected to give a value of 
Nw of about .27, while the latter only gives .24, so that in reality the producer-gas 
engine would have to be larger than the illuminating-gas engine by about aT =10 
to 12%. This does not mean that it is not possible to obtain the same B.H.P. from 
any given illuminating-gas engine when operated with producer-gas, if only the engine is 
of amplesize for the power and the combustion is not too imperfect, so that the values 
of yn» are not too far apart. It is a fact, however, that these conditions are found 
only in a few excellently designed and well constructed machines. 


WZ da Via Ded L895. OL: ? Thering, Die Gasmaschine, 2 ed., p. 301. 
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III. Dimensions D and S according to Practical Capacity Coefficients 


The following practical capacity coefficients are all based on experience with 
machines actually constructed. Their use therefore presupposes similar conditions. For 
special cases, or for those which require strict treatment, these empirical coefficients can 
be relied upon to only a small extent. In such cases it is better to use the method 
outlined under II. 

Table 8 gives the most common capacity coefficients. The figures refer to the 
nominal brake horse-power, N,, of 4-cycle machines. For maximum load, therefore, 
they should be increased in corresponding proportion. For 2-cycle engines the specific 
capacity Lo of 4-cycle machines (that is, the work done per second per cu.ft. of dis- 
placement) may be multiplied by from 1.75 to 1.90.1 The specific piston displacement 
Vo (that is, the cubic feet piston displacement required per second to develop one 
horse-power) is thereby decreased in the inverse ratio. 


TABLE 8 


CAPACITY COEFFICIENTS FOR 4-CYCLE ENGINES 



































| 
144p 55 Relative 

M.E.P. ar. n OOO. mae & é 

Assume Mechanical Efficiency | Pj. Pn Pinm Hes dh t Lo” ees hee 

x, Illuminating- 

Ym=.80. cue nent eager Foot-pounds. Cubic Feet. | | gas Engine 
Tlluminating-gas engine............ | 7860 62.5 2250 245 .106 1.00 
Producer-gas engine ............... | = 60:5: 48.4 1740 .316 -082 Ma 
Blast-furnace gas engine. .......... 57.0 45.6 1640 .339 .078 73 
Gasolene CNgiNE 2% wc an ws on es ee 745) le 596) IL 2150 256 | .102 95 
ESerOSENE ENGING so cecse cence ss | O49 43.6 .| 1570 .350 _ .074 .70 
DieselvOulen Pine rc iat eee alee. os 99.5 79.6 2870 192 136 Zh 
PATCONOI EM GING eyes aioe ashore eates 6 3 54.5 43.6 1570 .350 .074 .70 





| 
| 
| 


* See page 83. 


By substituting the above capacity coefficients in the formule following (eqs. 
30 to 37), the principal dimensions may be determined. The notation used in the 
derivation of these formule is the same as that given on p. 73. 

1. Indicated mean effective pressure p; in lbs. per sq.in. 





: 144 pinm X.785D?Sn 
] Ties: = 
Nominal B.H.P., Nn 33 000-2 
uf 
= Reha | Maa ak tee eae (30) 


1'TRansuaTor’s Note. It is evident that this statement can apply to medium and large sized 2-cycle 
machines with separate pumps only. It is a well known fact that the power of small high-speed 2-cycle 
engines with crank case compression is often no greater than that of 4-cycle machines of equal 
cylinder diameter. This is due mainly to low volumetric efficiency of the small 2-cycle cylinder. 


‘ 
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Or, if we let F=area of piston in sq.ft., and c= a” piston speed in feet per second, 
we may also write 











: 144 Dy mLc- * 
Nominal B.H.P., Neen 7 © =.066pinmF'c=.066pinmVs, . . « (30a) 
2 
in which V;s=Fe= see Bit cu.ft.=piston displacement per second. 


From eq. (9), p. 8. we know that the piston displacement V; required per stroke 
for N; indicated horse-power at n r.p.m. is 


Vi 


33 000N;i  458Ni 
=———_ = —_ eu ft. 


l44p, 


For one horse-power, therefore, the required displacement per stroke is 


he 458 
P 





OU Fig ae: Sew ery nt gd Le a 


v 
and for any given cylinder dimensions the indicated horse-power is 


in 
Ni= pag Vi. oe Sol bette Mee SO) Ves yee) a3 koe (31a) 


It is evident that the factor ae expresses the I.H.P. generated by one cubic foot of 


; ; . : 4 : 
piston displacement in 4-cycle engines, and conversely - measures the cubic feet of 


piston displacement required for every I.H.P. These two reciprocal factors become 
equal to unity, that is, one cubic foot of piston displacement will generate one I.H.P., 
when pin=458. In the average machine with p;=say 75 lbs. per sq.in. and n~180 
r.p.m., pin will equal about 13500, which means that each cubic foot of piston displace- 
ment in a 4-cycle machine will furnish about 29 I.H.P.! 

If the engine operates on the hit-and-miss system of regulation so that there are z 
explosions per minute, the I.H.P. of any partial load will be 


144pi X.785D2Sz 


oe 33 000 





mw O0840:D282. 20.) a. 2) eee 


Assuming that the indicated mean effective pressure of the suction and exhaust 
strokes combined is pw lbs per sq.in., the work of charging and discharging the 
cylinder will be 

1414p X.785D28 (4 — 2 : 
Ne=———ay 995 =. 0034 pu°6( 5-2). Maer kt 


1 For. single cylinder steam engines eq. (31) has the form Va= a For the average case pj=30 to 
u 
40 Ibs. per sq.in. When it is further considered that the economical number of turns for the steam 
engine is about one-third less that for the gas engine, the ratio of the specific piston displacement between 
gas and steam power will be about as 1.0 to .75, which is not as unfavorable to the gas engine as is 
generally assumed. 
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Consequently the net I.H.P. of the engine will be 


Mi=Ni—Nu=.0084D°S| zp.— (5 ~2) po]. Bs a ae a x in 


The indicated I.H.P. gives a higher mechanical and a lower thermal efficiency than 
the gross I.H.P., since N;>WN,’. In regard to this see page 8, 
2. Useful mean effective pressure p, lbs. per sq.in. for N, B.H.P. 








Nominal B.H.P., Nn= SS 000k ar ERS ah (34) 
1449 Fe _ Bt 
or Nn= 550 X4_ se 066 pnFec = 066 pnV s. SP SAO ok Meh Fick Mae NY (34a) 
Nn Nn 





Conversely, therefore, Ibs. per sq.in. 


Pu 066Fc .066V. 


3. Specific capacity, Lo, in ft.-lbs. per cu.ft. of piston displacement per second. 


Lo: .785D?Sn _ pes one 
= 550 X30 = .000048 LpD Si sete Tos) es (35) 


Nominal B.H.P., Na= Bear 


4, Specific piston displacement, V., in cu.ft. per second for 1 B.H.P. 


185D28n Fe  D*Sn 











Nominal B.H.P., Nn=-* 30V> Vo ~38.5V0’ (36) 
: Ee eee Deh, 
from which a ae 
5. Capacity constant K: 
Nr ods DAS EE erties ee et. eh do BE) 
ee - 1449, X.785 
in which the constant K 33 000 x2 =.0017pn from the general equation 
NV _ 1449, X.785D?Sn 


33 000-2 


Eq. (87), on account of its great simplicity, is especially well adapted for rapid 
computation or for comparison of capacities. 

A useful aid for the determination of D and S is given in the diagram, Fig. 34. 
The curves are constructed for a mean pnr=65, or pi=about 77.5 lbs. per sq.in. 
and for 200 r.p.m. The best way to use this diagram is to determine first not the 
nominal but the maximum capacity which the engine is to have (since 77.5 lbs. per sq.in. . 
is near the upper limit for average construction) and then to find proper values of D 


and oe (0-5) from the curves. If instead of 200 r.p.m., the figure assumed in ‘the 
diagram, any other number of turns is desired, the maximum capacity mus. be adjusted 
to this figure. ; 

Example. A 100 B.H.P. engine is to have an excess capacity of 20%, at 150 r.p.m. This 
means a maximum B.H.P. of 120, ee this must be changed to 120 = 160 B.H.P. to get it to 
a 200 r.p,m. basis. Assuming p=p = 16, the upper set of curves under B.H.P.=160 gives 


D=19.9"=say 20”. The data for the 100 B.H.P. engine will then be D=20”, o=1.6 S=1.6X 
20= 32”, r.p.m.=150. 


‘urbs sed sq] gy) =2d 
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C. GENERAL ENGINE PARTS 


By general parts are meant those used for gas as well as for oil engines; according to 
the kind of fuel employed these are supplemented by special parts, which are taken up in 
the next chapter. Finally, every engine installation requires certain auxiliaries which, 
although they are not a part of the machine proper, are generally built and furnished 
by the engine manufacturer, and are for that reason considered in Part E, p. 268. 

The designs shown in the following construction plates are for the main part 
taken from modern and tried types of engine, but they should not on that account be 
taken( as models without exception. Special circumstances sometimes require and 
sanction constructive means, which are inferior or remain of doubtful value as far as 
general application is concerned. As a caution it should be stated that some, although 
comparatively few, of the types and general details shown are covered by patent, and 
are therefore not open to general use. It was not possible to obtain reliable informa- 
tion regarding the field so protected, useful as this would have been to the designer, 
because definite statements on this point could be obtained from only a few of the 
manufacturers. 


I. Beds and Frames 


Material. Mostly cast iron, for light automobile engines also aluminum alloys, and 
now and then cast steel or soft steel; for crank bearings of the smaller sizes nearly 
always brass or bronze (phosphor-bronze), for other sizes cast iron lined with white metal. ° 

Allowable Fibre stress is comparatively low, in consideration of the importance 
of this machine part and the generally uncertain estimation of the stresses occurring. 
In the case of stationary engines this allowable fiber stress for cast iron of the best 
grade should not exceed 3500 Ibs. per sq.in. in bending, as computed from the total 
explosion pressure, P2. 

The body of vertical engines is usually called the frame, that of horizontal 
machines usually the bed, although the use of these terms is not at all strictly defined. 
For both of these in the course of time fairly similar fundamental forms have been de- 
veloped, which are pretty closely adhered to unless necessity demands other constructions. 

In every machine part under stress it is important that the stress be taken up 
as far as possible in a central or axial direction. To take up the maximum total 
explosive stress P, in this way is an especially important requirement in the 
design of beds and frames. In the case of frames this can be fulfilled easily and 
by simple means, in the case of engine beds, however, only by employing designs 
as yet little used. (See Figs. 83-86, p. 106.) The types of horizontal engine beds 
generally employed are all subject to considerable bending stresses. In every case the 
moment arms of the bending stresses, where these cannot be avoided, must be made 
as short as possible if a safe construction is to be obtained with the least expenditure 
of material. It should be considered that, with maximum total explosion pressures 
ranging from 300 to 400 tons, and such are found in the large engine, every 7; of an 
inch off or on the length of a moment arm, has a considerable influence on the size of 
the bending stress. To relieve the bed or frame through connections with pedestals or 
foundations is of doubtful utility, since suca connections are always more or less 
yielding, and often accompanied by other and unknown stresses. Relief in that way 
should never be sought and should not in any case be taken into account in strength 
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computations. The machine bodies themselves, therefore, should under all circumstances 
be able to take up all stresses occurring during operation. Twisting of frame during 
manufacture or erection can be quite successfully prevented by sufficiently large base 
surfaces, structural stiffness of the casting and proper location of the foundation bolts 
or anchors (close to vertical walls and near the points of support). 

The unit pressure or load on foundations due to weight of machine and whatever 
inertia forces there may be, should not exceed the following figures for the various 
materials employed: 


Lbs. per sq.in. Lbs. per sq.in. 
Granite blocks<4. 4.4.2 ey ee 110-140 Brick and conerete= a eae 42-55 
pandstone:. dWemee er a eee 70— 80 Hardwood ‘timber wy sgics poe cnt ~ 55-70 
Hard-pressed brick in cement.... 55- 70 Pine and hemlocks..2s- 2204. cee 30-40 


It is well to keep the unit load from one fourth to one third less than these 
figures under the crank bearings of horizontal machines. This gives a means of 
computing the necessary area of the supporting surfaces. 

For dimensions of foundations, see p. 258. 

1. Frames for Vertical Engines, Crank-shaft above Cylinder (Figs. 35-43). This 
‘type of frame is to-day used only for small powers, up to 6 H.P., and for speeds not 
to exceed 250 r.p.m. It possesses the advantage of a fly-wheel running entirely free, 
and needs little or no foundation. But for larger units these frames have too little 
stability, owing to the high location of the gravity center, and there are other 
disadvantages in static respects. 

Designs. 











Fies. 35-38.—Frame for a 
2-cycle Gildner Engine. 
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Fics. 39-43.—Frame for a Kjelsberg Kerosene Engine, built by L. Nobel, Petersburg. 


(The web projection on the cylinder head is used to prevent the piston from dropping down too far, 
in which case the piston rings may catch behind the counter-bore.) 


Constructive Details. Length of stroke, S, generally from 1.75 to 2.0 times the 
cylinder diameter D, for larger sizes down to 1.5 D; height to center of main bearings 
from 4 to 58S, and length of side of the generally square base from 4.5 to 5D. 
Prismatic frames of this type are now used but very little, although the cost of the 
patterns is less and the weight of the frame 10% less than in the case of cylindrical 
frame bodies of equal capacity. Generally cylinder and frame are cast in one. Separate 
eylinder barrels cause some difficulty on ‘account of the lateral connection with the ports, 
and from considerations of strength require a thickening of the walls of the frame. 

Strength computation results in thickness of cylinder and jacket wall too thin for 
practical work; on this account with special reference to foundry practice, the dimen- 
sions may be made as follows for one-piece frames: 


For D up to 5.0”, cylinder wall (s) = .50-.60”; frame walls (s’) = .40” 
be CAMs “ce oe (s) = .60-. 70”; oe ce (s\= 245" 
ce S10 ce ce (s) = .70-.80”; ce (a9 (3') =1250"" 

' 66 9,0": 6c 6c (s) = .80-.90”; a 6c (Goi DOL 
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With the above dimensions the tensile stress in the cylinder wall, as computed 
from the explosion pressure, and without reference to the influence of the frame, will 
be only about 1400 lbs. per sq.in. If separate cylinder barrels are used, the thickness s 
of the cylinder wall may be reduced to the figure found by computation [eq. (11), 
p. 124]. For the design of the bottom end of the cylinder see p. 134. 

In the case of the larger frames, Figs. 39-43, the transition section between the 
bearing support and the jacket wall must be specially checked; because at this point 


the force ae is not taken up in an axial direction, but acts through a moment 
arm, a. It may be resolved into the tensile stress, Pn, and the shearing stress, Ps 
(see triangle of forces in Fig. 40). The stress Ps may be neglected and the computa- 


tion confined to the determination of the combined stress resulting from P, (tension) 
and og (bending). Assuming the area of the dangerous section 2-y, Fig. 40, to be 


f sq.in., and the section modulus equal to W, we- will have the maximum combined 
stress ; 


Ps 
1% 2 . 
Saras SPyT2- Ibs: persq.itje ln tee ee ue) oe kee 


The value of Pn is best found graphically. The distance a from the center line of 
the bearing to the neutral axis of the dangerous section, ay, is determined most 
easily by balancing a stiff paper model of the section concerned. See p. 90. : 

Since the line of action of the fly-wheel weight G@ is opposite to that of the 

: ; : : : P; sau ie 
piston pressure P:, the opposite bearing will be relieved of its load > by a certain 
amount. But the weight G@ referred to the center line of this bearing acts as a load 
as soon as oo G, which condition takes place during the expansion stroke. And since 


this bearing is thus loaded the greater part of the time, the fly-wheel is to be kept as 
light as possible, and seated as closely as possible to the ‘adjacent bearing. For 
details relating to the determination of bearing pressures, see under ‘‘Crank Shafts,’ 
p. 164. 

The width of the jacket space should in no place be less than 13’... The external 
shape of the frame usually gives a water space considerably wider than this, which is 
favorable to good casting. For the removal of the core sand suitable cleaning holes 
should be provided in the base. These are afterward -closed watertight by fine 
threaded plugs. The closing of these core sand openings should not be made a part 
of the duty of the cylinder head packing. The curves at the base between jacket 
wall and base plate are parabolas, the construction of which is shown in Fig. 42. The 
usual method is to draw this curve once and then to use circular curves of approxi- 
mately the same form. 

The caps and bolts of the bearings must be designed for the maximum explosion 
pressure. The load due to the weight of the fly-wheel, added to the load on the bearing 
next to this wheel, can usually be neglected, because general considerations of safety 
and the fact that the direction of the belt pull is hardly ever definitely known, make it 


; : : if 
imperative to keep the stresses down to a comparatively low figure. Let ae Ibs. be 


half of the explosion pressure, also let. the distance from center to center of studs or 
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bolts be a in. and the section modulus of the dangerous section of the bearing cap be W, 


AkeW . : 
then from P=-~” , nN which ky»=allowable bending stress, we shall have the maximum 





bending stress 


har Ib 5 
eee ieee co sae LEE Mee ear temo Neer oni amie Bee ac ol), 


If the dangerous section is in the shape of a geometrical figure, a rectangle for instance, 
as is usual in small machines, the section modulus W may be taken directly from a 
table. In other cases it is necessary to first determine the moment of inertia I of the 
cross-section, which is best done by dividing the given section into simple figures, and 
for each of these determine J referred to the gravity axis of the section. The sum of 
the partial moments so found is equal to the moment J of the total section. The 
following example makes this clear. 


Example. The dangerous section of one of the bearing caps of the frame shown in Figs. 
39-43 has the dimensions given in Fig. 44.' Since the cylinder diameter is 6.9”, the total 
explosion pressure Pz for a unit pressure of pz=255 lbs. (for which this engine is constructed), 

i : 9500 
will be P,=255 X.785 X6.9?=9500 lbs. Of this load 5 = 4750 Ibs. =P will fall to each bearing. 
With the given distance a between bolts equal to 5.1”, the greatest bending moment in the 
cap is 








GIFS ——=¥1 








a- 4750X5.1 


CS oa 2 
9 4 6100 in.-lbs. 








Ie 
Mo= x 








aR ‘ } 
\KA/8 2K (47 pe118 > 


For the determination of the moment of inertia the cross-section is Fra. 44.—Dimensions 
divided into three parts, I, Il, and III, Fig. 44. Minor variations and in Inches. 
approximations in outline, such as made in the figure, are of no im- 
portance. The distance of the gravity axis from any given reference line, such as the upper 
horizontal line in the figure, may be computed as follows: 


2.36 X1.81? 1.97.63? 
2 2 





Bay ne ee re. OY 
“= @36K1582) +097 x08) 
hence @=1.81 —.73=1.03”. 


For sections more complex than this the position of the gravity axis is best located by 
cutting a proportional model out of stiff paper and balancing this on a sharp straight edge. 
The several moments of inertia of the section of Fig. 44, referred to the gravity axis will be. 


3 
For area_ I, rena + (4.33 X63 X.43?) =.593 bi-quad. in. (or in.*4). 


1 All dimensions given in examples will be in inches, since nearly all of our strength computations. 


are based on this unit. 
2 All results are given in round numbers, due to the fact that the slide rule is used. The approxi- 


mations have no effect on the final results. 
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1.18 X 1.18% 


For area II, Jun= 12 


+ (1.18 X 1.18 X .47”) = .466 bi-quad. in. 


1.18 X 1.185 
For area III, fn = XE + (1.18 X 1.18 X .47) =.466 bi-quad. in. 


So that the total moment of inertia for the section will be 
T=[,+Ju+Im=.593 + .466 + .466 =1.525 bi-quad. ins. 


The section modulus therefore is 


and the greatest bending stress (in the top side of the section) will therefore be 


My 6100 4 
ob—- T= 796 = 3100 lbs. per sq.in. 
4750 


“a 





The 7” cap screws each have a load of 


table (p. 307), is safe. 
The foundation bolts of this type of vertical frame may have the following dimensions: 


= 2375 lbs., which, according to column 6, of 


For D=_ 5.0” 1.0" 8.0” 9.0” 


Diameter of bolt= ?” ed i 


2. Standard Frames for Vertical Engines, Crank Shaft below Cylinder. The 
so-called box frames, Figs. 45-49, are mostly used for small engines only, although. 
some American firms, ‘as Westinghouse for instance, also employ them for large 
capacities. On account of the low position of the crank shaft this type is well adapted 
to high speeds of rotation and for direct connection with the power consumer. The 
facility with which the working parts can be tightly enclosed in such a frame make it 
especially suitable for use in the open or in dusty rooms. This fact has led to the 
development of special crank cases for automobile engines (see the various constructions 
shown in Part III). Such enclosed frames in themselves insure sufficient stiffness of 
construction, if the walls are made thick enough. In special cases, however, sufficient 
webbing for the side walls must be provided, especially if for purposes of lightness 
the crank case is made of the commonly used aluminum alloy instead of cast 
iron, 


Design of Box Frames. 


Fias. 45-47.— Frame with Pedestal 
for a 2 H.P. Engine (D=4.75”, 
S==87). 

(The hit-and-miss governor and 
valve operating arrangement shown 
in Fig. 260, p. 206, is bolted to the 
left side of the frame near the top. 
The use of neither 2 to 1 gear nor 
lay shaft is necessary with this 

_ construction. Some designers use 
the pedestal as fuel tank or even 
as exhaust muffler. The latter 
practice is bad because of the con~ 
sequent heating of the crank bear- 
ings. It is better to use the space 
available in the pedestal merely as 

a receptacle for tools or auxiliary 

apparatus. 


Fies. 48-49.—Frame for a Small 
Giildner Engine, One-piece con- 
struction (D=6”, S=9”). 


df the molding of this frame 
causes difficulty, a separate cylin- 
der liner may be used, casting only 
the jacket wall in one piece with 
the rest of the frame. Hand-hole 
a is used to disconnect the wrist- 
pin bearing in case the piston must 
be removed, leaving the crank-pin 
bearing undisturbed. This is. of 
importance when, on account of 
lack of head room, it is not easy 
to take out both piston and rod 
together. For the valve gear be- 


longing to this model see Figs. 261 
and 262, p. 206. 
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Constructive Details of box frames according to Figs. 45-49: 

Stroke ratio <=1 to 1.75; distance from center of shaft to base from .7 to 1.0 8; 
distance center of shaft to floor from 16 to 24’’ depending upon size of machine and 
diameter of fly-wheel. Total height of frame above base from 5.5 to 6.5S. Length of 
side of square base (common construction) from 3.5-to 4.5 D. The lateral openings in 
the base casting should be of ample size to allow of easy. dismounting or assembling 
cf crank shaft and gear. 

The thickness of the walls of the base casting is in the smaller machines of this 
type usually prescribed by practical considerations. Based on experience, the following 
proportions may be used: 

Hor D=357 is OY Ee eee ee til ye 
tt 


a) 3 aS? 
16 4 16 


iv7a) 
I 
tH 
| 
[oz 
olor 


A check computation is required only to determine the 
tensile stress in the smallest cross-section of the frame (and 
of the jacket wall, if the construction is in one piece) and 
the bending stresses in the cross-section below the main bearing. 
This latter is especially necessary in case the construction is like Fig. 50, with the 
main bearing in a separate base plate. 





Fie. 50. 






t 
1 


mal 


Examples. 1. With reference to Fig. 50, let P=21600 lbs., a=37.5”, 


ivy 
‘ “ = No lo | 
so that the greatest bending moment in the dangerous section Z-Z is os o 
‘ © 
t H 


ana XN 
= SASL 202000! in albs: on 


i iy 


With reference to the neutral axis of the conventional cross-section, 
Fig. 51, the moment of inertia of the dangerous section will be 











Mo 





Kessel, ee 3/5 


Fig 51.—Dimensions 


in Inches. 
7.91.38 
For area I, p= S$ (7.9 1.38 X5.55%) = 336.2 i,t; 
79X11.63 se eee 
For area II, In + (79 X11.6 X57?) = 105.2 in.'; 


For area III, Jn1=same as Ix=105.2 in.*; 


ABO GNAS? ; 
For area IV, [w= sealer + (2.36 X 1.18 X 7.0?) = 136.8 in.'; 
Slope ss 
For area V, Iya 5 + (815X118 X 7.09) = 1824, 
Therefore, I= 3(In) =336.2+105.2 + 105.2 + 136.8 + 182.4 = 865.8 in.* 


865.8 
Section modulus W = — 


1 4.04 


114.5. 
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Consequently the maximum bending stress in the section Z-Z is 






202 000 — 

ear ae =1775 lbs. per sq.in. e Re cow --§-4 

Tat | 

2 A vertical engine, cylinder diameter 11.8’, has the dimensions given a: % 

in Fig. 52 for the cross-section of the frame under the main bearings. The ca a. * 
distance between the base bolts, see Fig. 50, is 49.3’. The normal explosion % + | 
pressure, according to p. 71, will then be nf = 

8 ESS 


f 
SF 


z= 280 D?® Ibs. = 280 < 11.8? =39000 lbs., 
Fic. 52.—Dimensions 


from which the load P on each bearing will be 19500 lbs. Ee: 


The greatest bending moment in the base plate below the main bearing is 








19500 49.3 


M 
2 4 


= 240 000 in.-lbs. 


Moments of inertia of the partial areas: 


6.9X1.18° 

pe ated + (6.9X 1.18 X5.32?) =230.9 in.! 
_.69X9.73 le 

u= 12 SS SVE are 


I 
oO 
is 
Or 
3) 

~ 


Inu=same as for Ju 


8.3 X .98° 
Ty =— 5 + 8.3 X98 X5.4?) = 238.6 in.‘ 


Un) =574.5 in.‘ 
; SE ies eee : 3 : Bates 
Hence section modulus is 503 =97.5, and the maximum bending stress in the dangerous section is 


240 000 
2) Nira a tee te 2460 lbs. 
97.5 


The compression stress in the outer fibers above the neutral axis is neglected 
because the compressive strength of cast iron is much greater than its tensile strength. 
For further computations on base plates, see p. 97. 

Sizes of foundation bolts should not be smaller than those given on p. 90 for 
frames with crank shafts above cylinders. For information regarding foundations see 
Daou: 

For medium sized vertical engines the so-called A-frame, borrowed from steam- 
engine practice, and shown in Figs. 53-55 and 60-62, has found extended application. 
Owing to the better disposition of material, this type of frame is considerably lighter 
than the box frame above discussed. Besides this the shaft and the open end of the 
cylinder are kept free. The substitution of separate columns (compare Figs. 56-59) for 
the front leg of the A-frame cannot be recommended for high-pressure engines, because 
this construction is less rigid and costs more. 
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Design of A-frames. 


24 ea FB G8. - 2 — 
a : ' Nhs: 


























































35 29 5.0 
| 
7 
——— 
| 


F 


| 























22> 
OT came 
<Vazzz Py 


ee eee 
LM EE 














Fies. 56-59.—Frame of 
one of the older types of 
Banki engines, 30 H.P. 
cylinder, D=12”, S= 
eos 
(Theuse of front columns 

of this type makes the 

shaft and crank mechan- 
ism freely accessible.) 
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Fias. 60-62.—Frame with Cross-head Guides, 10 H.P. Diesel Engine of French make. 


Constructive Details. Total height of machine with A-frame and cross-heads is 
from 8-9 S, without cross-heads from 5.5-6.5S. Other frame dimensions approximately 
as given for the previous type of frame. Batter of the outside walls of the columns 
of the frame in the ratio of 1:4 or 1:3, depending upon the ratio a That is, in 
Fig. 55, angle a should be in the neighborhood of 70°. A careful check computation 
is necessary for sections a—x (tension), y-y (tension and bending) and for the middle 
section z-z (bending) of the crank shaft-bearing, Fig. 62. 

In the minimum horizontal section x-«, of area f sq.in., we have the tensile stress 


o=< Ibs. per sq.in. SAL eigss (cteieat hte (as ine Cmecumre te Ue) 


Examples. 1. Let the cross-section y-y of a frame similar to Fig. 62 have the dimensions 
of Fig. 63. The cylinder diameter is 10.8”, so that normal P,=280 D?=280X10.8’=32800 lbs., 
of which one half, P=16400 lbs., falls to each column. At the base of the column P is 
resolved into the two forces Pn and P» which put the section y-y under tension and bending.' 


1 Usual assumption which gives excess safety. In fact the bending stresses will be much smaller 
than this on account of the rigid connection of the column with the base plate. But for closer 
computation satisfactory data is lacking. 
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The values of these forces are best determined graphically from the force parallelogram, Fig. 62. 
Suppose Pn=14250 lbs., and P»=5050 lbs., and let the moment arm /=23.6’. Then for the 
section y-y of area f=34 sq.in. the tensile stress due to Pn will be 


_ 14.250 





a =420 lbs. per sq.in. 


The moment of inertia of the section referred to the neutral axis, Fig. 63, is 





1 1 Parag in les Ser 
[=75 (10.2 x7.88") SE ee. = 280 in. 


k— 788 —>1 


Fie. 63.—Di- : ; 
mensions a The section modulus therefore is 
Inches. 
280 
=——-=70.8. 
W. 3.94 ie 
Hence maximum bending stress 
23.6 X 5050 : 
o- = 1680 lbs. per sq.in. 


Total maximum stress in section y-y is therefore 
o+o,=420+ 1680=2100 lbs. per sq.in.' 


As a matter of fact the stress in the section y-y is from 3-5% smaller than this owing to 
the weight of cylinder and frame. 
2. For a similar A-frame, the cross-section y-y of which is shown in -—s9—4 








Fig. 64, let Pz=26400 lbs., so that P=13200 lbs., and from this by ar = 
means of the force parallelogram P,=12700 lbs. and P»=3960 lbs. The go} | j | jo = 
moment arm /=21.6’, and the area of cross-section /=26.7 sq.in. 8 eee. 
i Aa 
Pn 12700 at 
Tensile stress o= —= 26.7 =475 \bs. per sq.in. Fig. 64.—Dimen- 


sions in Inches. 


1 Since for cast iron the allowable bending stress (Ky) is greater than the allowable tensile stress 
(Kz), we should for this metal strictly satisfy the requirement that 


7 oO 
Boto,£ Ky or c¢ topes 


E K FS Pe 
For the most common shapes of cross-section, p= 12 to 1.5. With the latter value the above 
z 


example would have given for the maximum total bending stress in the section the value 
o, = (1.5 X 420) + 1680 = 2310 lbs. per sq.in. 


The difference is evidently insignificant and remains so as long as o is comparatively small as compared 
with 9}. This holds good for all the examples following (except Example 3, p. 97) for which reason 
Ky has been assumed equal to Kz throughout, i.e., ?=1.0. The inaccuracy introduced thereby increases 
the factor of safety as long as the relation o+0)< Kz is satisfied. 
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Moment of inertia of section referred to neutral axis 





5.9X 1.563 
le 12 — + (5.9 X 1.56 X 2.48") =58.57 
Total 7=152.17 in.‘ 
iL BH <3 ae oe 
Iy and lin, i er ra + (1.37 X6.3 X 1.45’) =46.80 | 
>) 
Modulus of section WaT, 


Bending moment M»=21.6 X 3960=85500 in.-lbs. 


so that the maximum bending stress, in the external fibers of the column 


85500 
= = = 1830 lbs. per sq.in. 


Hence total stress is 6 +0)=475+1830= 2305 Ibs. per sq.in. 


In determining the stresses in the section z-z of the base plate, which section is 
usually under the greatest stress, the stiffening due to the foundation is neglected 
because its effect is uncertain, and counterbalanced by the weight of fly wheel and 
crank shaft, by unknown accidental stresses and by the drawing up of the foundation 
bolts. For the same reasons any decreasing effect that the dead weight of frame and 
cylinder may have on the value of P, is also neglected. If the center line of the 
cylinder bisects the distance between the middle planes of the main bearings, the load 


: : Poa ‘ 
on each bearing will be simply Lars in other cases P, referred to the middle of 


the bearing, can be easily determined. 





7) — "Fa 5,74 


Example. 3. The cross-section z+z, through the support eas 
of a main bearing having ring oilers, Fig. 65, is to take care 
of a load of P=55000 Ibs. Let the distance between the 
column bolts on each side of the bearing be a=55.2”, then the 
maximum bending moment will be 











— €, 8,65 —»i 














55000 X 55.2 














M rashes omy = 762000 in.-lbs. 8 
The total moment of inertia J is equal to (Jn), Fig. 65. me | 5 | 
T=h4+Inthnthytlythithnu; Fic. 65.—Dimensions in Inches. 
hence 
: oe SO clopleiae 
f= [SSS 4-13:80%1.57%7.85"| a ae +8.15X1T7X6.| 
98? op los 
te [ SS + 18.04%. 082.20" | a +.78x15%.30"| 
: 653 152 Xe 98* 
+ eee +.989.652.06"| ar ee +15.2x.98x8.35"] 


= 1334.4 +243.6+69.1 + (2X 220.8) + 161.7 + 1041.2 = 3291.6 in.* 
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Therefore the modulus is W === —=— =371.0, 


and the maximum bending stress in the underside is 


My 762000 
W 371 











2060 Ibs. per sq.in. 


In the examples so far considered it was assumed that the base plate was a frame 
open in the center, i.e., @nsisting of the lateral beams connected across the ends by 
two other beams carrying the bearings. This is the usual construction for small and 
medium-sized machines. In large-size vertical machines this base-plate frame is usually 
closed on the under side by giving it a curved bottom to fit the crank circle. In 
that way the four sides of the base plate are connected in such a way as to materially 
increase the strength and stiffness of the entire plate. This is shown more clearly by 
the following example, which shows a computation not only for the section of the 
plate directly under the bearing, but for the entire cross-section. The fact that the 
bed plate is not symmetrical with reference to the cylinder axis, compels us to con- 
sider the entire section. Had it been symmetrical, only one half of the section would 
need to be considered. 


Example. 4. Cylinder diameter D=19.7’, maximum total pressure on piston=280X19.7?7= 
109000 Ibs. Distance between points of application of force (see Fig. 50), a=49.3’. Bending 


| age 
ae pecs 


ete >| 


pa 


ae hig — 
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Fig. 66.—Dimensions in Inches. 


moment due to the totai piston load (not half this load, since the entire cross-section is 
considered) is 


109 000 x 49. ; 
Mo= 2 8 sen 1338000 in.-lbs. 





The moment of inertia of the cross-section is to be determined exactly according to the dimen- 
sions of the actual construction shown in Fig. 66. This makes it necessary to subdivide the 
section into a number of partial areas. Many of these partial areas, as I, IV, and VI, could 
without great error be entirely neglected, others with minor changes could be much simplified. 
Nothing of this kind has been done in order to show the complete method of computation for 
a definitely given cross-sectional area. 

Cross-section through left bearing: 


3 
pee: (.59 X 1.77 X 4.65?) = .27 + 22.6 = 22.87 in.! 


1.3 X 1.02° 


12 + (1.3X 1.02 X 4.257) =.12+24.0=24.12 in.‘ 


3 Ge 


GENERAL ENGINE PARTS 99 


3 
Ing x 18 X1.58 








Ip +78 X1.58X 4.57") =.26+25.7 = 25.96 in.! 
394+. 
ST X2.6" 39-+.78 
f ALke 
Iw =2 St (FB x2.35 0.0") =2(.64-457.0)  =115.28 in. 
1.97.59? 
Iy=—— + (1.97 X59 X 4.05") = .034-+19.10 = 19,13 in. 
3 
ro cae 
9 984146... 
= 2| + (71X65) | = 2(-11 + 36.6) =73.42 int 
87X17.68 
Iam 2| SO : +(87X17.6x1.654 | =2(395 +41.8) — 873,60 in.4 
10.92.06" 
10.9X.718 
Ix=— + (10.9X.71 X 1.26) =.32-+12.3 =12.62 in.* 
10.9 X.789 
a (10.9X.78X 10.12) =.51 +862 = 862.51 in.* 
2.13 X .873 
Ly= + (2.13X 87 X 3.96”) =.12+29.3 = 29,42 in.* 
63X1.38° 
Inu = + (.63X 1.38 X 4.652) =.13+18.8 = 18,93 in. 
31;=2914.56 in.! 
For the crank case , 
23.6 X.868 
Ixm=—— 55 + 28.6 X 86 X10? = 1.34 + 2030 = 2031.34. 


Cross-section through right main bearing. 

On this side the areas XIV, XV, and XVI appear instead of the area VIII of. the left 
section. All other areas are exactly the same on both sides. Hence for the right section we 
have simply 


2,44 2.068 
Ixv=2 beet + (2.44 X 2.06 x6.1)| =2(1.78 +188.0) =379.56 
033.46 
Ixy =2 ere + (.08%3.465.4) =2(3.54X 104.0) = 215.08 
3 
lee + (3.95 X.98X 3.86?) =.31+58.0 = 58.31 


Total =652.95 
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Hence moment of inertia of right cross-section 
_ Ip=2914.56 —8356.70 + 652.95 = 2730.81 in. 


which is 183.85 in.‘ smaller than for the left side. 
From the partial moments of inertia the total moment for the entire section is 


T= +I eur t+Jr = 2914.56 + 2031.34 + 2730.81 = 7676.71 in.4 


Since the distance from the neutral axis to the fiber under greatest stress is e=10.45’’, the 
section modulus will be 





_ 7676.71 


i045" 
and finally, from the value for M» above computed, the maximum fiber stress is 


1 338 000 
~ = 1820 lbs. 
735 = 1820 lbs. per sq.in. 








Oi 


The moment of inertia of the crank case amounts to about 35% of the sum of the 
moments of the two bearing cross-sections. If these last two are considered alone, the 
total section modulus will be only about 484, since the fiber distance is increased to 
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Fie. 67.—Dimensions in Inches. Fic. 68.—Dimensions in Inches. 


about e=11.8’’, leaving out the crank-case wall. It is evident, therefore, that this 
wall, or the lower surface of the base plate, increases the strength of the casting very 
materially. 

As a general thing, the fiber stress in the middle vertical section of the base plate 
perpendicular to the axis of the crank shaft is less than in the vertical sections 
through the axis of the bearings. Under certain circumstances, however, as for 
instance great distance between bearings, bad connections between frame columns and 
the plate, the reverse condition may exist, so that a check computation should be 
made. The following example shows the method. 


Example. 5. Suppose a base plate similar to the one preceding is to stand a piston load of 
P,=220000 lbs., corresponding to 110000 lbs. pressure on each bearing. Let the distance 
between middle sections of bearings be 35.5’. The bolts connecting columns and plate are 
220000 

5 





distributed in five groups, according to Fig. 67, so that each group is loaded with 
= 44000 lbs. 

The first thing to do is to determine the resulting bending moment due to P, distributed 
in the planes marked I to V. The best means of doing this is the force polygon. Since the 
component forces are of equal magnitude and are distributed symmetrically about the middle 
plane III, the resultant force will be in plane III, and it is necessary to consider or make the 
computation for only one half of the plate, as is done in Fig. 68. From this the maximum 
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bending moment M> yes. = 1005000 in.-Ibs. (In explanation, My yes. =HbK1 in in.-lbs., when H =polar 
distance in the force polygon, b is the maximum distance cut off by the two closing lines of 
the force polygon on the line of the resultant force, K=scale on which the forces are repre- 
sented, and /=scale of length. Fig. 68 2 

shows the force polygon one fourth of ie iets OTR, 

the original size. In this original draw- 
ing H=5.90", b=2.44, K=27940 lbs. 
per in., and /=2.5”” to the inch. Hence 








Mo res, = 5-90 X 2.44 X 27940 X 2.5 - , 
= 1005000 in.-lbs., ‘ 
5 
as given above.) 2 | 


For the determination of the section 
modulus of that section of the base plate 
under greatest stress, perpendicular to 
the crank shaft, the dimensions are given Fia. 69.—Dimensions in Inches. 
in Fig. 69. Asindicated there, the total 
area must again be divided into a number of partial areas. The left half of the section, not 
shown, is the same as the right. As before 


ic 





09 X 75 


=2 ee (.59 X.75 X .37 | = 2(.0210-+-.062) =1.66 in.‘ 





12 
—— + (1.02 8.25 x4. 135 = 2(47.7+144) =383.40 in.‘ 


a 


12, 
fr =2) $5 + (12. 2X2.05x985%) | = 2(26.1 +3490) =7032.20 in.* 


Sa 
Ina] ES .02 = 253 
ie 


“a 


19.7 X 1.02 ; 
Thy =2 | ae se +(19.7X1.02X. a1 = 2(1.75+5.27) =14.04 in.* 


For area V, considered as half of a circular ring, the general formula for the moment of 
inertia about its own neutral axis is 


1=.1098(R4 —r‘) — aaa a 





and, with the dimensions of Fig. 69, we shall have 


.238 X 23.6? X 22.87(23.6 — 22.8) 
23.6 + 22.8 





I =.1098(23.64 — 22.8%) — = 3090 in.* 


The distance from the center of the semicircular ring to its neutral axis is 


4 (R8—r\ 4 /23.63—22.88 
= = 16.85". 
3x e =) 3x ee = oe 


The position of this neutral axis is therefore 











16.85 — (23.6 — 15.25) =8.5” 
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below the neutral axis o-o of the section in Fig. 69. Hence the moment of inertia of area V 
with reference to axis o-0 is increased to 


I, =3090+8.5? x5 X (23.6? —22.8*) =3090 + 3540 = 6630 in‘. 


The sum of the partial moments gives the total moment of inertia for the section 


[=1.66 +383.40 + 7032.20 + 14.04 +6630 =14061.3 in‘. 
Since e; the maximum fiber distance, =15.25’’, the section modulus is 


14061.3 
w= = 922.0. 
ioe Ce 





The bending moment, Mores, =1005000 in.-lbs., above determined, therefore, gives a maxi- 
mum fiber stress in the section examined of 


1 005 000 © 5 
COTTER 1090 lbs. per sq.in. 


It is clear from the above that in the central plane considered the stresses may under certain 
circumstances be quite considerable. 


3. Engine Beds. The old type engine beds with overhung cylinders are being 
replaced more and more by a type of frame in which the cylinder is entirely, or at 
least partly, supported by the frame. For equal weight this furnishes a construction 
of much greater stiffness and strength with pleasing form. For that reason these 
frames are now also used extensively for small machines. For large machines the two 
side walls of the frame are usually connected by a crank-case wall across the bottom, 
the whole being cast in» one piece. In the very largest models, however, the side 
walls are often separately cast. 

Single-beam. frames, so-called bayonet frames, which as Corliss or Tangye frames 
have found application up to the highest powers in steam-engine practice, have not 
shown themselves well adapted to gas-engine construction. Delamare and Deboutte- 
ville tried this. type of engine bed in some of the first forms of their large simplex 
engines, but were compelled to abandon it very soon. The reasons for their failure 
are not far to seek. In a Corliss frame, the main crank-shaft bearing must take care 
of the entire piston load, and since this load acts at an arm equal to the distance 
between center line of cylinder and center line of bearing, the bearing pressures are 
nearly twice as great as in the case of other frames. On the other hand, the double 
beam, or center crank type of frame, distributes this load between two bearings, and 
since, in this case, the moment arm above mentioned does not exist, the load on each 
bearing is simply one-half of the total piston load. Further, the Corliss frame, owing 
to the manner in which the load on the piston is taken up, is subject to a consider- 
able bending moment in the horizontal plane. This is not found in the ordinary type 
of frame. In Corliss frames, therefore, not only the crank-shaft itself, but also the 
frame parts must be made considerably heavier. These and other disadvantages, make 
this frame unsuited for, or at least little adapted to, the larger sizes of gas engines. 
This is apparently contrary to the experience of steam-engine designers, which, how- 
ever, owing to the different conditions, has no bearing on this case.! 





1 Transiator’s Notre. To judge from present American practice with regard to large engines, the 
difficulties mentioned have been largely overcome. 


GENERAL ENGINE PARTS 103 


Constructive Details. The height of center of cylinder and bearings above the floor 
should, on account of the work of starting, lubricating, etc., not be less than about 
28” in the smaller engines; in large machines, from consideration of strength mainly, 
it should not exceed from 48-60’. For the beds of the smaller machines, the general 
shape of the casting and the requirements of foundry practice usually call for a mini- 
mum thickness of the walls of the hollow casting such that stresses exceeding the 
allowable hardly ever occur. Of so much the greater importance, however, is the 
careful design of large frames if sufficient strength and stiffness are to be obtained in 
suitable form and without waste of material. 

The dangerous section in horizontal engine beds, the section which must be most 
carefully considered in design, is usually found in a plane perpendicular to the cylinder 
axis, and located somewhere between the main bearings and the seat of the cylinder, 
see Fig. 70. In this plane, the bending moment, whose arm is the distance from the 








Fig. 70.—Result of Poor Frame Construction. 


center line of the cylinder to the neutral axis of the frame section under considera- 
tion, and which moment adds itself to the tensile stress already acting on this section, 
reaches its maximum. Other parts of the frame under severe stress are the vertical 
sections through the middle planes of the main bearings, especially on the fly-wheel side, 
where, besides the piston load, gravity forces also come into action. These, together 
with the cylinder flange, all require careful checking. An increase in the capacity of 
an engine not only calls for an increased cylinder diameter, but with it also increase 
the height of the frame and the magnitude of the bending moment above mentioned. 
For this reason the difficulties encountered in economic but safe frame design, increase 
very rapidly as the upper limits of capacity are approached, especially since at the 
same time perfection of workmanship in the shop grows less certain. The constructive 
means which the designer may employ in such cases will be shown in later examples. 

The necessity of keeping the most important bending moment with which we have 
to deal in the design of a frame down to its lowest possible figure, calls for a design 
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of the vertical cross-section concerned, such that the neutral axis of this section shall 
be as close as possible to the center line of the cylinder. It is radically wrong, there- 
fore, to mass great bodies of metal near the bottom of the section; the metal is 
needed in the upper parts of the section. Fig. 70 shows a good example of what is 
likely to happen when this simple rule is neglected. Further, the height of the crank 
bearings should be kept as low as possible, while it is good design to carry the lateral 
walls as high as they can be made. For small engines, these walls should extend at 
least to the horizontal center plane of the cylinder; for large engines they should go 
beyond this plane—the higher, the better. It is a costly mistake, and not one pleas- 
ing to the eye, to keep the side walls of the frame much below the level of the crank 
- bearings, although even to-day this is quite often done. Certain forms of main bear- 
ings (as for instance, those shown in Figs. 71-80, inclined inward) compel this statically 
wrong construction of the side walls of frames, and their use is, therefore, permissible 
only in the smaller sizes. 

The most central taking up of the force of the explosion in the cylinder is a 
necessity in gas-engine construction, and this is a fundamental rule which can not be 
too often repeated. Its observance even in the design of small engines is of advantage. 
Unfortunately, the rule can only be partially followed in the usual types of frames. 
Even in the most favorable cases, the distance between the neutral axis of the 
dangerous section and the center line of the cylinder is sufficiently great to result in 
a bending stress approximately equal to the tensile stress on the section, so that the 
total stress is nearly double what it would be if the load P, could be balanced 
exactly in a central line. If the common type of frame is abandoned, an approxi- 
mately central distribution of forces can be obtained most easily by putting in, above 
the horizontal central plane, a rigid connection between the main bearings and the 
seat of the cylinder. See Figs. 88-86. This idea was already carried cut in the older 
Simplex engines; the latest models still retain it, and rightly so. 


Designs of Horizontal Frames. 

































































































































































Fies, 71-74.—Frame for a 6 H.P. Gas Engine. 
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Fics. 81 and 82.—Frame with Cross-head Guide for a Diesel-Giildner Engine. 

The lower part of the bored guide is water cooled throughout the contact length. For details of the 
main bearing, see Figs. 109 and 110, p. 115. (The gear case a communicates with the oil chamber of the 
main bearing in order to increase both the quantity of the oil in circulation and the external cooling 
surfaces. After a slight turning of the cross-head, the wrist-pin may be loosened through the opening b.) 
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Fig. 83.—Frame for a 700-800 H.P. Simplex Engine, Old Type. 
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Fics. 84-86.—Frame for a 1000 H.P. Double Acting Niirnberg Gas Engine. 
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Fics. 90 and 91.—Frame for one of the Older Type of Nurnberg Gas Engines, 160 H.P. 

(After the piston rod is removed, the piston may be pulled forward to the position b, resting on the ledges a. The 
piston is then easily taken out without disturbing the connecting rod. c is a stuffing-box in the pipe system for cooling 
the piston. The cylinder-oil drip gathers at d and e. The level in d is maintained to the same point, the oil serving to 
lubricate the slipper cross-head.) i 
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Examples. 


1. The dangerous section in the frame shown in Fig. 92 is to resist a maximum 


load of 17600 lbs. The area of the section=37.3 sq.in., 
hence the tensile stress in the section is 


Pz 17600 


7 =“g79 7400 Ibs. per sq.in. 











As before, the total moment of. inertia of the sec- 


tion is found from the moments of the partial areas as 


pace 23.6 follows: 





Fig. 92.—Dimensions in Inches. 


ae 1.18 X .59° 


I 


+ (1.18 X .59X 7.58”) = 40.02 in.* 


12 
i (.78X10X2.32)  =106.30 in.* 
Imp = SOX ST + (6.1.67 X92") Bee Soret 
Try STE (ATX.T1X4.1) BES he! 
je — 87" + (3.94x.87X4.92) = 82.21 in! 
I= SCOPE + (871.33 3.339) = 12.97 in.! 
Ty = S$ (LS TX AB X4.25% — 12.21 in. 


For 4 of the cross-section, = (Jn) =262.91 in.* 
and since e,=7.87”, the section modulus is 


2X 262.91 
7.87 


Distance between neutral axis of section and center line of cylinder (CM) =c=6.5”. 


Hence 
maximum bending moment 


Mv=6.5 X17600=114300 in.-lbs. 


and therefore bending stress in the outer fiber is 


_ 114300 
66:8 





Ob =1710 lbs. per sq.in. 


The maximum total stress in the fiber is consequently 


o+0=470+1710=2180 lbs. per sq.in. 
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In spite of the fact that in this case the frame walls extend 1%” above the center 
line of the cylinder, the bending stress is more than 34 times the tensile stress. 

2. The frame section under greatest stress, shown in Fig. 93, 
is for an engine for which D=13.75’; the total area of the section 
is 107 sq.in. At the inner dead center position of the piston the 
load will be Pz=280 D’=280X 13.75’ = about 53000 Ibs. The tensile 
stress in the section will be 


53000 : 
es ahem Ibs. per sq.in. 


aN) 











The bending moment, due to Pz and the arm c=10.2”, is 


Fig. 93.—Dimensions in 


My=53 000 X 10.2 = 540 000 in.-lbs. Inches. 


Moments of inertia of the partial areas, referred to the neutral axis: 


5.7X 87 | ) 
= ee +t. 7X.87X11.9°) = 703.3 in.! 
71 X 15 
Iy= EX + (1 X15X3.94) = 865.0 in! 
3 
yn 2ST § (19X17 3X2.76" = 443.0 in.* 


Igy = ONO 0.75 2.764.922) 51.3 in,’ | Moment of inertia for 











s 12 entire section 
=2 2293.6 = 4587.2 in‘, 

3.34 1.18" 

[y= + (8.84XT.18X6.9") = 188.5 in.* 
15 X.798 

I=" + (15X.79X6.77) = 530.6 in.! 
8.7 X.798 

m= +(8.7X.79X13) = 11.9 in! 


Sum of moments for half section =2293.6 in.‘ | 


Since e;=12.0’, the section modulus is 


4587.2 
12 





W= = 383.0 


and the greatest bending stress in the upper fiber will be 


Ob eo 1410 lbs. per sq.in., 


and hence total stress in the outer fiber of the section is 


o+o0b=495 + 1410=1905 lbs. per sq.in. 
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3. For a Nurnberg engine, cylinder diameter=35.4”, the section under greatest stress in 
each one of the beams forming the side walls of the frame is shown in Fig. 94. The explosion 
pressure is as high as 450 lbs., so that the maximum load on each beam will be 


















, Fe Re EM .785 X 35.4? X 450 
Qe pot seeker! “sa nooosdbs. 
pena ea id | 2 - 
T- 83 
M3 oF ; : : 
x 0 4 The area of section is 260 sq.in., so that the purely tensile stress is 
| | 221000 
ag oe i 35 . A e 
se ase. 850 lbs. per sq.in 
ts 
| i 
Si | Distance between neutral axis and cylinder axis is c=7.9’, so that the 
a ¥ : 
¥ #4co20%), ee és maximum bending moment is 


Fic. 94.— Dimensions 
in Inches. 


Mo=7.9 X 221000 = 1740000 in.-lbs. 


Moments of inertia of the partial areas (the distances of the center of gravity of each area 
from the neutral axis of the section are not given in the figure): 








Iya SOXGIE + (08.5 XB.15X14.99) =12998 in.4 
aS (2.06 X13.4X7.3?) = 1883 in.! 
Ig OE + 2.16 X 18.47.39 = 1968 in.! 
yao ee x dea Tay) = 1893 in.! 
Jpn OES + (1.38 X11.8X5.0%) = 754 in.! 

Moment of inertia of 

poe + (1.38 X21.8X10.82)= 4690 in.! Sree repens 
ae (1.57 21.8 X10.8?) = 5390 in.’ 
Kae + (1.38X5.9X 14.8) = 1808 in. 
Joes fe (1.88 X 4.13 X 19.8?) = 2248 in.* 
— +(11X1.77X 22.77) =10005 in.! 


= 43 637 in‘. 


Distance of upper fiber from neutral axis of section is 13.4+3.16=16.56”. Hence section 
modulus is 
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and maximum bending stress will be 


1740000 : 
= 3630 =660 lbs. per sq.in. 
Total fiber stress is therefore 


o+0)=850+660=1510 lbs. per sq.in. 


~From this example the good effect of proper design of cross-section upon the fiber stress is 
clearly seen. In spite of the large cylinder diameter, the distance from the center of the cylinder 
to the neutral axis of the section is only 7.9”, and the bending stress is in this case not larger 
than the tensile stress, as is commonly the case, but is about one fourth 
smaller. § 203 G8 


9 LIS4 

4. In the Nurnberg blast-furnace gas engine, shown in Plate XVIII, woe 4 -—- 
cylinder diameter 52’, the dangerous section of the frame is that shown %, 2 5 
in Fig. 95. Each beam constituting the side walls is cast in two Cal. ae 





pieces, and the soft steel tie-rod XIII, Fig. 95, placed in the neutral 
axis of the section serves, in the first place, to unite the parts of the 
side wall, and in the second place relieves the castings of some of the 
stress. Tah 

Assuming the explosion pressure to be 430 lbs., the maximum wes 
load on each beam of the frame will be 











\<-76- 





£36 
=| 


430 X .785 X 52? 


5 =455 000 lbs. 








Fic. 95.—Dimensions in 


It is not known how this load is distributed between the «casting pees: 


and the tie-rod; it is therefore necessary to make some kind of an 
estimate. Assume that the tie-rod is subjected by the load P to a stress equal to 4250 lbs. per 
sq.in. In that case the purely tensile stress on the cast-iron section, whose area is about 776 
sq.in., will be 
455 000 — (.785 X 7.9? X 4250) 
776 —48.3 








= 346 lbs. per sq.in. 


Moments of inertia of the partial areas referred to the neutral axis of the entire section: 


y= BBXS ON" + (23.6X3.96%47.3") = 209 120 in.* 
In 2AOXOAS™ + (246X945 X40.6" = 38370 in. 
In = OOO" + (2.96 9.45 X 40.6%) = 46300 in. 
Iyv= 2+ (2.96 X9.45 X 40.67) = 46300 in.‘ 
y= PVE" + (1.97 X51.2X 10.05%) = 32200 in.* 
Iy emo A STS ang 57.5 x71) = 48030 in.* 


12 
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1.97 X 11.6? 


dyn OAL 12-6) = 3880 in.’ 
Ten + (1.97 K 15.95 X14 89) = 7540 in. 
Iyg = OTS" 4 (1.97 X 27.6 30.39) = 53440 in.* 
p= SOE + (2.56 X21.3 32.39) = 58760 in." 
Iq = OES + (19.62.36 44.1" = 90020 in.* 
Ix = .05(18.84 —8.86*) = 1500 in.' 
a = 190 in.? 


Moment of inertia of entire cross-section =635 650 in.4 


including the tie-rod. 
After subtracting partial moment Jxn: there remains for the cast-iron cross-section 


I=635 650 —190=635 460 in.! 
Hence the section modulus, with e,=49.2” 


I 635.460 
& 1 49:2 











W 12920. 


The section modulus of the tie-rod is 


190 
= = 48.2. 
3.94 8 


The maximum bending moment on the entire section, with c=33.8”, is 
M»y=455 000 X 33.8 = 15 400000 in.-lbs. 


Since it is assumed that the tie-rod is put under a stress of 4250 Ibs. per sq.in., by the load P, 
the part of the above moment Mo falling to the rod will be 


4250 X 48.2 =205 000 in.-lbs. 
The maximum bending moment for the cast section alone is therefore 
M»y=15 400000 —205 000 =15 195 000 in.-lbs. 
and hence the bending stress in the outer fiber is 


15.195 000 


=1175 lbs. in,. 
12 920 75 Ibs. per sq.in 
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The maximum total stress on the outer fiber of the cast iron is therefore 
0 +0p=346 + 1179 =1525 Ibs. per sq.in. 
The maximum stress in the outer fiber of the steel tie-rod will be 
4250 +4250 =8500 Ibs. per sq.in. 


To this must be added the constant but unknown stress induced in the rod by the drawing up 
of the nuts. This stress, however, is of comparatively small importance. 


In case the cylinder is overhung, the connecting flange in the frame must be made 
abundantly wide and strong, because this flange, besides being loaded by the explosion 
pressure P- is also subject, during the expansion stroke, to the lateral thrust N of 
the connecting rod, which may under certain circumstances cause a considerable 
bending moment in the flange. The maximum value of N is approximately a and 
this maximum occurs at from 15-18% of the stroke. Consequently, the point of 
‘application of Nmax is much nearer to the head of the cylinder than to the connecting 
flange, especially if the piston pin is well toward the face of the piston, and the 
moment arm on the flange is correspondingly long. For this reason the overhung 
cylinder should be used in small engines only. If, however, the cylinder proper is 
merely a liner inserted into a barrel extension of the frame casting, the barrel forming 
the jacket wall of the cylinder, this jacket wall must take care of the load due to Pz, 
which is always considerably in excess of the bending stress due to Nmax. The latter 
is taken care of by both the jacket wall and the liner. For further details on these 
points, see ‘‘Cylinders,” p. 129. 

6. The best form for the main bearings for horizontal engines is the one in which 
the explosion load is taken up directly by the frame. This is possible only when 
the dividing line of the bearing slants inward, Figs. 71-80, or is horizontal. Bearings 
slanting outward, Fig. 107, are not suitable because the maximum load comes on the 
caps and bolts. Further, the journals run upon the lower dividing line of the bearing 
all the time, because the influence of the weight of the fly wheel upon the direction of 
pressure on the journal is of small importance. In view of these disadvantages, the 
good points that this type of bearing may have are decidedly overbalanced. The most 
suitable form of main bearing is undoubtedly that slanting inward, for the explosion 
load is always taken up by the frame body directly and only the lower half of the 
bearing is ever under load. But this form requires low frame walls, and since these 
are not suitable for the larger models, the proper use of this type of main bearing is 
necessarily confined to the smaller machines. For the large horizontal gas engine there 
remains only the horizontally divided main bearing. 

In vertical machines, with crank shaft below the cylinder, the journal pressure due 
to Pz always falls to. the lower half of the bearing. It should be noted, however, 
that the weight of the fly-wheel in this type of engine causes an upward pressure 
on the cap of the opposite bearing when the piston is unloaded. This pressure is, 
however, never great enough to determine the dimensions of either the cap or the 
bolts. The last statement also holds for vertical frames with shaft above the cylinder. 
In this type of frame the direction of the journal or piston pressure is always through 
the cap of the bearing, whose dimensions are to be determined accordingly. ’ 
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The lubrication of main bearings 
should be thorough, certain, and 
easy of inspection. Drop-feed oilers 
are suitable for small machines only. 
For medium-sized engines ring coiling 
is much in favor, although this 
method also has many weak points 
(Certain cutting down and weaken- 
ing of the bearing surfaces, opera- 
tion not directly open to inspection, 
gradual deterioration of the lubricant, 
etc.) For the bearings of large 
engines, forced lubrication by means 
of special oil pump is the best 
method, 
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Designs of Main Bearings. 
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Figs. 102 and 103.—Main Bearing for a 20 H.P. Banki Engine, Cyl. Dia. 10”, Stroke 16”. 
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Fics. 104-106.—Main Bearing for an 
80 H.P. Vertical Diesel Engine, 
dia. 16”, stroke 24”. Built by 









































Maschinenfabrik, Augsburg. 


The gears driving the intermediate 





shaft are located in the center-plane 


of the left hand main bearing. 


(This construction was originally 


used by Loutzki.) 
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Fics. 107 and 108.—Type of Bearing Fics. 109 and 110.—Bearing for Frame shown 
used on Kérting Engines of from in Figs. 81 and 82. 

2-6 Eee 


Constructive Details. For diameter and length of bearing, or allowable bearing 


pressures, see Crank-shafts, p. 160. 
The material for bearings up to 5” journal diameter (d) is nearly always bronze, in 


which case the thickness of the metal may be made 


d : 
=(--+.2 2 a AES eG! Shia hull comet Wetec ie 
8 (7+ 0) inches (4) 


For larger journal diameters the bearings are made of cast iron, lined with white 
metal, Figs. 111 and 112. The least thickness of the shell of the bearing proper 


(without the lining) may be made about 


= (444) inches, LM TU OM eR nee os ic Say Ao eC) 
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In either case the collars at the end of the bearing may be given, see Figs. 111 and 


112, 
a radial height, h= 8 to 1.1 sors’, } - 
and an axial thickness, b=1.02to: le2estorrss Dea Te ee 


If special circumstances make it necessary to keep the external diameter of the 
bearing as small as possible, cast steel or malleable iron may be used in place of cast 
iron. In any case a white metal liner is employed. The thickness of the walls s 
may then be taken according to eq. (4), the same as for bronze. : 

On account of sudden variations of pressure, the proper choice of the white metal 
alloy! and the manner of holding it in place are of the greatest importance. The 
shell of the bearing should be furnished with sufficient dove-tail grooves both circum- 
ferentially and longitudinally, Figs. 111 and 112, and the surfaces should be well tinned 
over before the lining is cast in. If these precautions 
are not taken, the lining is apt to be squeezed out of 
shape and loosened in the shell. Care should also be 
taken that the ends of the bearings, where they may 
come in contact with -the crank shaft, taking up any 
lateral pressure that may occur, are well covered with 
white metal. 

For reasons .of economy in manufacture, the outside 
surface of the bearings is without any projection, so 
that it can be finished in the lathe. This permits the 
bearing to rest evenly over its entire length in its supports. The shifting or turning 
of the bearing in its seat is prevented by safety pins or plates afterward inserted or 
screwed on (see 2, Fig. 112). The lower. half of the bearing is not thus secured in 
order to be able to take it out, in case of necessity, by slightly raising the shaft and 
turning the half bearing about the shaft until it comes on top. 

In the larger horizontal machines lateral adjustment in the bearings may have to 
be provided. for. In such a case the adjusting mechanism should always be placed 
in the side of the bearing nearest the cylinder in order to protect the adjusting screws 
or wedges against the full load on the bearing. Three part bearings, Figs. 111-112, 
may in such cases be successfully employed. The adjusting wedge, y, and the movable 
block, z, are placed in the side of the bearing under least stress, so that all joints are 
out of the direct line of journal pressure. 























Fies: 111 and 112. 


Examples. i. The main bearing, Fig. 107, slanting outwards at an angle a=40° with the 
vertical, is to carry a load of P=4P-=9900 lbs. The component Pn of the force P, passing 
normally through the cap of the bearing will be 


Pn=P sin a=9900 sin 40° =9900 X .643 =6380 lbs. 


This is the load which determines the dimensions of the caps and bolts by the method of 
Example 1, p. 89. The load on the bearing furthest from the fly-wheel is relieved somewhat 
by the weight of the wheel, but an additional load is often caused by the pull of the driving 





‘Good alloy for heavily loaded main bearings: 8 parts by weight of copper, 12 of antimony, and 
80 of tin. 
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belt, and hence this should not be taken into account. Pre-ignition also causes an increase in 
Pn, and for that reason, too, a good factor of safety is essential. 

2. The main bearing shown in Fig. 113 slants inward. The load P at the moment. 
of explosion is 11000 lbs. This horizontal force causes a_ shearing 
stress in the section x-x whose area is 11 sq.in., of 


Wie _ =1000 Ibs. per sq.in. 


Fracture, however, would in all probability not take place in the sec- 
tion a-x, but in y-y. This dangerous section must therefore also be 
examined. Any influence that the cap may have to relieve the load 
on this section should always be neglected. The component Pn, act- 
ing at the neutral axis of the section y-y is equal to Pn=P sin a’ =11000Xsin 20°=3760 Ibs. 

The area of the section, Fig. 114, is 12.6 sq.in., hence the tensile 





stress is 








ai. ae, oe 
N 9 3760 
3 ‘ Om yg 7207 lbs. per sq.in. 
Yb ed ek 
% ° Besides this there is acting on this section a bending moment 
Bye 
XY | : 
ag wet: Mp=Pl=11000X 1.65” =18 100 in.-lbs. 


Fig. 114.—Dimensions in The cross-section y-y is shown in Fig. 114. From this the 


Inches. moment of inertia 
, Yes ary i : 
T=h4+Inttinct hy |: - +4.72x1.571.19 








12 





+ (ATX244x.71°) | 


of A7x2.44" 
12 


lay A $ 7 
ae + (3.94.71 X 2.48") | =30.2 in.* 
yt 4 


The maximum bending stress is therefore 


_ Moe, _18100X1.89 


= =1130 lbs. per sq.in. 
ere] 30.2 Bey 





The combined stress, ¢+o)=297 +1130=1427 lbs. per sq.in., would be much smaller if the 


bearing had a cylindrical seat. 

3. The following is a systematic investigation made by Professor Bach on a fractured main 
bearing of a steam engine.’ It serves to show very clearly to what extent the safety of a con- 
struction sometimes depends upon the judgment of the designer, and how, in the case of main 


bearings, the usual methods of computation are sometimes badly misleading. 


1 Zeitschrift d. V. D. I., 1901, p. 1567. 
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Fig. 115 shows the fractured pedestal, one break, a-b, starting from the corner of the seat 
of the bearing and extending diagonally toward the base, the other, c-d, is in the cap. To 
obtain some idea of the load at rupture by actual measurement, cast-iron test specimens, 
Fig. 116, were made in which the dangerous section, under stress due to the force P, had 
dimensions as close as possible to those of the actual sur- 
face of the’ break in the pedestal. These specimens broke, 
through the section indicated in Fig. 116, under a load 
P=46700 Ibs. The dimensions of the cross-section are given 
ihae Jens wile 

















1s, alles. Fia. 116.—Dimensions in Fia. 117.—Dimensions in 
Inches. Inches. 


The common method of computation, using the dimensions and data given in the figures, 
then gives the following results: 


P=46700 lbs., a=40°, Pn=46700 sin 40° = 29000 lbs., a=2.92 in., c=1.23 in, 


pa (788 X4.58 X 2.29) — (5.72 2.75 X 2.56) 


. =2.07 in., 
19.45 07 in., 





in which 19.45=f=area of the cross-section. Moment of inertia of the section of the break is 


| 7.68% 4.58" 
=| 


+7.68 X 4.58 (2.29 — 2.07) | 


5.72 X 2.758 
aie uae 


+5.72 X 2.75 (2.56 -2.00°| =50 in.* 


The section modulus is therefore 











50 
Soe 04 9: 
Me 2.07 
Finally, the stresses involved are 
Pn 29000 : 
from Pn, Ces asia 1490 lbs. per sq.in., | 
eee Oe: Bh ocd hemes oe (a), 
ate 5 «4. aS 
and from P, Ob W 242 8000 Ibs. per sq.in. 


Test specimens of the same cast iron under transverse tests showed a ratio of strength in 
the outer fiber of Ko:Kz'=1.79:1, and a strength in the outer fiber of K»=33 300 lbs. per sq.in. 





1 See Bach, Elasticitait and Festigkeit, 2 ed., eq. (77) or Maschinen Elemente, 8 ed., eq. (137). 
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The above computation , based on actual tests, however, shows a total stress in the fractured 
section of only 


1.790 + ob = (1.79 X 1490) + 8000= 10700 lbs. per sq.in., 


10700 
33300 
The above method of computation therefore seriously underestimates the actual existing stress, 
and the reason is that the outside fiber, which is under greatest stress has been considered as 
straight, while in reality, owing to the fillet put in with a radius equal to .31”, it must be 
considered as an element with considerable curvature. The moment due to P tends to straighten 
out this fiber, and of course intensifies the stress very materially, as may be shown as follows. 
Since the radius of the curvature of the fillet is .31’, the mean radius of curvature for the 
neutral plane of the section will be r=.31+e=.31+2.07=2.38”. The stress induced in curved 
rods, according to Bach,’ is 
Pn. Mp Mo, e ‘ 
or E i +x oS eriSCLint Ser iets: se ae cS (8) 


in which, from the above figures, Pn=29000 lbs., f=19.45 sq.in., M,= —46700X (2.92 1.23) 
ii 

= —193500 in.-lbs.,? and «= Ff eg 844 
i rte 


The maximum stress in the outer fiber will then be, with e= —2.07”, 


which is 1 =two-thirds smaller than the actual strength of the material in the outer fiber. 

















- _ 29000 | —193500 Fe —193500 v =e 
eR 04h 10.45 2.88. (8445C19.45 50.984 2.08 —2 07 





= 1490 —4180+33100=30 410 lbs. per sq.in. 


As above mentioned, transverse tests made on rectangular rods cut from the specimens of 
Fig. 116, gave a tensile ‘stress in the outer fiber of 33300 lbs. per sq.in. To derive from this 
the strength of tne material under pure tension, we may use the following formula due to Bach.‘ 


oN t e ee 


0 


in which Ky=tensile strength per sq.in. in outer fiber; 

K-=tensile strength, pure tension; 

fo=a factor depending upon shape of the cross-section and whether the surfaces retain 
the cast skin or not. In this case the skin is retained and “) may be taken=1.0; 

é;=maximum fiber distance; 3 

Z)=distance from neutral axis of the entire section to the neutral axis of that part of 
the cross-section on one side of the first mentioned axis and toward the fiber 
under greatest stress. 


For a rectangular section z)=4e,, so that we may write for the tensile stress of the rods 
which gave K»=33300 lbs. under transverse stress 








K5=33300-K-\| See 14d, 
Oey 


_ 33300 
from which ore 





= 23500 lbs. per sq.in. 


1 Plasticitat and Festigkeit, eq. (8) or Maschinen Elemente, eq. (103). 

2 The minus sign is used because the moment tends to decrease the curvature. 

8 For graphical solution, see Zeitschrift d. V. D. I. 1901, p. 164. 

‘Bach, Elasticitit and Festigkeit, art. 22, eq. (1), or Maschinen Elemente, 8 ed., eq. (137), p. 43. 
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Now to refer this to a cross-section like that of Fig. 117, we have e,=2.07”, 2)=1.32”, and 
Kz=23500, hence for this section 


2.07 5 
Ky=23500\\ 204 =23.500% 1.26 =29700 lbs. per sq.in. 


This figure agrees very well with 30400 lbs. per sq.in., above determined by computation, 
and this would show that eq. (8) is the most reliable for similar cases. 


It should be noted that the stress will be the smaller the greater the value of 7, 
the radius of the fillet. The radius of curvature should, therefore, be made as large 
as possible, which finally leads to the use of cylindrical seats for the main bearings. 

If the much simpler equations (7), which apply to straight prismatic rods, are used 
for approximate computations, the allowable fiber stress should be assumed only 
one-third as great as would ordinarily be considered the limit. If the stress in the 
dangerous section is not to exceed, say, 4200 lbs. per sq.in., the dimensions must be 
chosen such that equations (7) do not show a total stress exceeding 1400 lbs. per sq.in. 
It is evident, however, that in important cases an accurate determination of the stress 
conditions, according to eq. (8), is absolutely necessary. 

The bolts or studs connecting the cylinder to the frame must be computed with P, 
as the maximum total load. With reference to anchor bolts, see pp. 90 and 93. 


II. Cylinders and Jackets 


1. Cylinders. Material: Hard, close-grained cast iron. Allowable stress fairly high 
to reduce the thickness of walls with reference to expansion by heat. Sufficient 
stiffness should be maintained. For cast iron with fairly clearly defined stress 
conditions, the allowable fiber stress may be Ky= 












alla 4250 lbs. per sq.in., in other cases less. 
: Wsieen ima Cylinders and jackets, and sometimes frames, of 
se ie ‘ 


small machines are very often cast in one piece to 




























































DSETZZZZZ an ie Be TU PIL LEE 
al i ull cheapen the cost of construction; the larger sizes, 
oot) ead ‘ | ja commencing, say, with 8’’ diameter of cylinder, are 
N\ mostly made with a separate cylinder liner, if special 
==, Sid . . : 
' ae conditions, as for instance radial inlet and outlet 
» f pzbaust Gases parts, etc., do not compel the use of the one-piece 
ids tS Cyimser oe ene o ertle construction. A separate cylinder liner or barrel has 
Engine. the advantages that a specially suitable grade of 


iron can be employed, that the jacket and frame are 

cast with greater ease, and that the wear on the cylinder can be taken care of more 
readily. To this should be added the special advantage, important in gas-engine 
construction, that the separate liner can expand axially independent of the jacket, 
which is very important on account of the great temperature difference in these two 
parts. To allow of this free expansion, the liner is to be rigidly fastened only at its 
inner end, the other end sliding axially in its seat. Of course, the one-piece cylinder also 
has its advantages, in that it is a stiffer construction than the other, and for that reason 
its use would seem to recommend itself especially for large engines; but greater difficulty 
of manufacture and repair, unequal expansion under heat, etc., counterbalance this gain. 
The temperature differences existing between the inner and outer walls of the 
cylinder and their influence upon the expansion or stress conditions in these important 
parts have been investigated but little. They are, however, certainly greater than is 
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commonly assumed. Of all the direct temperature measurements undertaken, those 
made by Ernest Korting, in 1901, on one of his large double-acting 2-cycle machines | 
are of greatest value to the designer. The cylinder of a 400 H.P. engine of this type 
was fitted with thermometers a-d, as indicated in Fig. 118. The bulbs of these 
thermometers were placed exactly at the center of the inner wall. Tubes passing 
through the jacket space and having their lower ends filled with mercury, were 
inserted as shown, so that the centers of the thermometer bulbs were %’’ from the 
bore of the cylinder. 


TABLE 9 


TEMPERATURES OF THE INNER CYLINDER WALL OF KORTING ENGINES 





| | : ary tar 





Hour 3:30 4:00 4:15 | 4:30 4:45 5:00 Delon 
Ho dao mpen oinGi Maire, watt tact. ages : 4 4 3 | 2 Make Ve full 
Temperature of cooling water, outlet°F....... 91 95 99 Ona OO eh 101 


4 
97 | 
fide tae SG 7 167 181 194 | 190 | 198 201 
Temperature of cylinder wall at point. . 13 galt sale! 134 | 147 POOR aon fi R45 le 145 
dine 314 316 321 330 338 338 338 


























The measurements were made with different loads on the engine. From Table 9 it 
is seen how quickly the temperature changes when the load on the engine varies, ie., 
when the quantity of heat developed changes. It will also be seen that the tempera- 
ture of the cylinder wall near the combustion chamber is considerably higher than at a 
point about mid-stroke, in spite of the fact that the point b, on account of its position 
near the dead center,-is covered by the water-cooled piston, at least for a time 
equivalent to one-quarter of the stroke. The conclusion from this is that the tempera- 
ture of the combustion chamber, which is subject to much higher gas temperatures, and 
which is at no time cooled from the inside, must be much higher than the temperatures 
at b. The highest temperature determined at full load is 338° It is unquestionable that 
the temperature of the inner wall is higher than this, especially if the piston be not water 
cooled, or shorter than in this type of machine. If the temperature of the jacket 
wall is assumed equal to the mean temperature of the jacket water, i.e. =84° F., and 
the mean temperature of the cylinder wall equal to ae neglecting the 
temperature near the exhaust ports, the expansion of the cylinder, relative to that of 
the jacket wall will be =(173—84) x.00000593 =.000528. Even if this entire expansion 
were to be taken up by the jacket wall alone, the stress induced would still be below 
the elastic limit of cast iron, the extension of which in tension is on an average not 
below .00075 at the elastic limit. The case, however, becomes a little more serious 
when the mean wall temperature ft», including the exhaust port temperatures is used 
in the computations. tm will be =(201+145+338)+3=228° F., and the expansion 
relative to the jacket wall will be =(228—84) x.00000593 =.000854. This already 
exceeds the average extension of cast iron under tension by 13%. Now it is, of 
course, a fact, that in one-piece cylinders the axial stresses are not carried by the 
cylinder wall alone, but by the cylinder and jacket walls combined. This, under the 
most favorable circumstances, reduces the stresses by one-half. On the other hand, 
the elastic limit strength of cast iron is considerably reduced by repeated heating ant 
cooling, such as exists in gas engines, i.e., the iron grows more brittle, and is more 
liable to fracture. In general, too, the outlet temperature of the jacket water is much 


x 
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higher than that used in the above tests, and the internal cooling of the cylinder wall 
is much less effective with pistons not water cooled. Finally, the stresses to which 
the cylinder is subjected by the explosion pressure in both radial and axial directions 
enter the problem. Under such conditions it may happen—and practical experience 
proves it—that the sum total of the stresses due to expansion by heat, and to the 
working load on the cylinder may far exceed the elastic limit strength of the material, 
leading to serious damage by fracture or warping, if the cylinder is cast in one piece. 
It is not easy to relieve the jacket walls of double-acting cylinders, with valve cages 
cast in one piece with the cylinder, of longitudinal temperature stresses. The use of a 
separate cylinder barrel is in the case of such cylinders no longer practicable, and it becomes 
necessary to divide the jacket wall into two parts, longitudinally, so that the two half 
cylinders so formed, surround the cylinder wall proper in saddle shape. The construction 
is shown in the double-acting Deutz engine, Plates IX and X. Langen and Wolf, in 
their new machines designed by Ebbs, use the method of relieving the jacket wall de- 
scribed in Part III under III, 1, in which case the one-piece corstruction may be retained. 
Injurious temperature stresses may also be caused by injudicious distribution of 
metal, for which reason it is well, in the case of large cylinders, to design with an eye 
to symmetry, at least, as far as the combustion chamber and the adjacent parts are 
concerned. Any violation of this rule also introduces trouble owing to the fact that 
unequal distribution of metal causes irregular radial expansion of the cylinder bore, 
which of course, leads to cutting and leaking between cylinder wall and piston. 
The water jacket should, if possible, cover the entire 
length of the stroke, even in single-acting machines. If 
the open end of the cylinder is left unjacketed, there will 
be unequal expansion in the cylinder bore, and annoying 
vapors due to burning lubricating oil are apt to develop. 
All water spaces should be of ample width, and in the case 
of large cylinders sufficient cleaning openings should be 
provided to rid the water space of core sand in the course 
of manufacture, and of any sediment or scale that may 
form during operation. Naturally, the cold water should 
be admitted to the jacket at the hottest part of the cylin- 
der, and after this it should be so conducted, by means of 
baffles, if necessary, that nowhere in the jacket space shall 
there be a chance of impeded circulation or formation of 
air pockets, 
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Designs of Cylinders. 
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Fias. 119 and 120.—Cylinder and Cylin- Fia. 121.—Cylinder for a 60 H.P. Engine, Langen & Wolf, 


der Head for a 20 H.P. Banki Engine. 
(The broken lines a and b indicate fhe 
upper and lower ends of the piston in its 
highest position.) 


Vienna. 
(Cylinder head in one piece with liner.) 
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Fias. 122-125.—Cylinder for a 12-15 H.P. Hornsby-Akroyd Engine of German Make. 
(Projection b is to prevent the piston from going too far back when assembling.) 


Constructive Details. The volume of the combustion chamber may be computed 
from eq. (55) p. 32. From the compression ratio ¢, required for the given compres- 
sion pressure pc, the length h of the combustion chamber, when S is the length of 
the stroke, will be 


h=- BN rae ter Polk ik eae Da 1) 


assuming the combustion chamber to have the same cross-section as the cylinder bore. 
The explosion pressure pz, which determines the cylinder dimensions, causes tensile 
stresses in the cylinder walls, both in a longitudinal and a radial direction. To these 
should be added, under circumstances, secondary stresses due to drawing up of the 
flange nuts, the thrust of the connecting rod, unequal temperature stresses, etc. In 
the case of one-piece cylinders, the tensile stress in the longitudinal direction may be 
neglected, if the inner cylinder wall is properly designed to withstand the radial stress 
due to pz, because this latter stress is always more than twice the former. If, on the 
other hand, jacket wall and cylinder wall are separate, the jacket wall alone is 
usually called upon to carry the longitudinal stress or the stress in the axial direction, 
and since the jacket wall is usually computed on a basis of load much less than that 
due to pz, care should be taken in this construction to see that the axial stress does not 
become dangerous. This is especially important for places in the jacket wall that are 
expected to carry an additional external load or that have been weakened in any way. 
‘According to Bach,! if we let 


Ra=external radius of cylinder in inches, 

R,;=internal radius of cylinder in inches, 

K,= allowable tensile stress for the material, 
and pi=internal pressure pounds per sq.in., 


1 Bach, Maschinen Elemente, 8 ed., p. 36. 


» 
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we shall have the relation 


|——————- 
eee ele S| 
conor Kz pe Kz+.4pr : 
Ra=hi SR Wen es.4\-2'ts © oan (11) 
be Sete 
Kz 


From this, if s is the thickness of the cylinder wall, D=diameter of cylinder in inches, and 


Pi = Pz- 
; a [Ke + 4p: )i 
: Nees. 1) mches.) a ae Sze ee 


Since pz acts only at the inner end of the cylinder barrel which is nearly always 
reinforced by a flange, the value of K, may be taken correspondingly high, from 
3200-3500 lbs. per sq.in. for cast iron. 

The normal indicator diagram then calls for a thickness of inner cylinder wall of 








D(_. [3500+ 140 )-? eh ed a: 
al 3500460 ~ - =5(V1.197 —1) =.047 D inches. . > Sea (12m) 


To this should be added, as an allowance for reboring, from 4 to 4 in. For practical 
reasons (possible shifting of cores, etc.), it is also necessary that, in the case of 
stationary machines, up to say 8’’ diameter, s should be at least 2.7” 
cylinders, and at least 2.65’’ for separate cylinder barrels. 

In cylinders over 25’’ diameter, the thickness of the wall may, for reasons of 


economy and decrease in weight, be decreased gradually or by steps until at the open 
end 


, for one-piece 


8o= 02 Ds. Dims i oe). ele ALA et ore 


provided additional stresses or other circumstances do not forbid this. 

Due to the pressure p,, the inner fibers of the wall are under a greater stress than the 
outer fibers. This inequality of stress increases materially with an increase in the 
thickness of the wall. For that reason s should not be 
made thicker than necessary. Excessive thickness of 
cylinder wall is also wrong from the standpoint that the 
cooling water is less effective, consequently the conduc- 
tion of heat is less rapid, and troublesome overheating 
of the material may ensue. 

In large or long-stroke engines, the thrust of the con- 

Fig. 126. ~ necting rod should receive careful attention in dimension- 

ing the material of the cylinder. In case the dimensions 

of the inner wall, as determined by eq. (12) should furnish a section modulus too 
small to take care of the normal pressure N due to the connecting rod, it is better to 

increase the stiffness of the cylinder wall by suitable supports or webbing than to 
increase the thickness s. ~ 

With the favorable assumption that N is distributed over the bearing surface: of 
length J, Fig. 126, the maximum bending moment will be 














Lay \ = 
My=Ai(e+ 554) vei ° ° ° oe 8 ° ° . ° ° (13) 
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In eq. (13) the maximum pressure at the supports is 


2C1 +] 


Ai=N om 





POURS MMe e a co om veh We ad va ee MCA) 


In case a separate cross-head is used, /] is the length of the shoe, with trunk pistons, 
L is the length of the piston body in actual contact, i.e., excluding any part made 
smaller to give play for expansion. 

The stiffness of the cylinder liner, or the cylinder, should be such that N cannot 
cause any noticeable bending or deformation. In order to be sure of this point it is 
advisable also to make a check computation, assuming that the force N, instead of 
being distributed over the length J, is concentrated at the middle of this leneth. In 


that case 


i bb, . 
Mv=N—~ in.-lbs. Teta 24d erp, 9) CLS) 


and assuming that K» is the allowable stress, the section modulus required will be 


Vy bb; x My 

WN Gk CaP ae eee ia. es) chs gna’! «~ ACVB) 
Assuming that the moment of inertia of the cross-section of the cylinder is J and that 
the coefficient of extension is a, (w=reciprocal of modulus of elasticity), the deflection 


‘ 5 . a A > iS 
under N, which will be a maximum when b= =s, will in general be 


»_ Nb?bi2a 


iascrte LCR ee neni. fies Rapes bt. ohn) 


If on the other hand, }<b,;, the maximum deflection will occur at a distance x from 
the left support such that 
Oe 
04 37 3b TUG Se): em RE bite. «aN artsy. elit I CNS) 


Examples. 1. A cylinder liner, with D=25.6”, for an explosion pressure pz=356 lbs., should, 
according to eq. (12n), have a wall thickness of 


8S .047 D=.047 X 25.6=1.2+% (for re-boring) = 1%”. 


With reference to Fig. 126, let a=50.3’, b=23.6’, b,=26.7”. Then the maximum bending 
moment, due to N= 7pPz= 7') X 280 X 25.6? = 18400 Ibs., will be 


18 400 X 23.6 X 26.7 
50.3 


= 230000 in.-Ibs. ‘ 








Now the section modulus is 
W= 8 Dm’s, 


in which Dm=mean diameter =25.6 +1 °; =27.2”. Hence 


W =.8 X 27.2? X 1.56 =923. 
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Tne maximum bending stress therefore is 


230000 eee 
er 250 lbs. per sq.in. 


The cylinder liner proportioned according to eq. (12m) seems therefore of ample strength 
to take care of N,, but the maximum deflection f should next be determined. 
The moment of inertia of the cross-section is 


I=.05(D,‘ — D*) =.05[(25.6 + 2 X 1-9) 4 — 25.64] =12 450 in. 


in which D,)=outside diameter of the liner. 


Taking the extension coefficient of cast iron as a the maximum deflection 


~ 11000000 
according to eq. (17) will be 
18400 X 23.6? X 26.7? 


at 
f 350.3 X 12450 X 11 000 000 .00036”’. 











Since the load N is not concentrated but distributed over the length 7, which makes / still 
smaller, this result shows that this cylinder liner is safe without any further stiffening, provided 
the two points of support, Az and A;, are not subject to deflection. 


The flange or collar of the cylinder liner is very often subject to stresses, induced 
by the drawing up of the cylinder head studs, which tend to break the flange along a 
section x-y, Fig. 127. The pressure due to this drawing up 
must in all cases be greater than the maximum pressure on the 
cover, which is equal to .785 D7p:, in order to retain at the 
moment of explosion a sufficiently high pressure Py on the pack- 
ing surfaces to prevent them from leaking. Just how much the 
total pressure under the cover nuts should exceed the axial in- 
ternal cover pressure for the purpose indicated, cannot be stated 
Fic. 127.—Dimensions Off hand. The kind of packing, rigidity of the cover, and the 
in Inches. distance from packing to stud circle, all have an influence on this 
question, so that in favorable cases an addition (t) to the internal 
cover load of 5% will be sufficient, while in very unfavorable cases 50% may not be 
enough. With good design, practice has shown that an addition of t=from .1 to .2 
to the internal cover pressure is sufficient to maintain tight joints. 
The pressure on the joint due to tightening up of bolts is then 





Pa=(1+1)pz X.785 D7 2 1.1pzX.785 D? pounds. . . . . . . (19) 


The flange must be strong enough to resist this static load Pa. The internal cover 
pressure does not enter the problem, because in cases where a separate cylinder liner is 
employed, the axial cover load is taken care of by the jacket wall. 

The force thus developed, induces stresses in the cross-section ry as follows: 


A bending moment due to P, and the arm 2; 
A tensile stress due to the component Pra=P, sina, and 
A shearing stress due to the component P;=Pa cos a. 
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The shearing force P, should not be neglected, because the arm z of the force Py 
is usually small in comparison with the height h of the cross-section a-y. The various 
stresses are as follows: 


From the bending moment M,=P,z and the section modulus wa of the 


section, we have the maximum bending stress 


eer OE aa yee: 
CW Dae O57) DELCO Mil wip Mme oeN ee Ame ge (20) 
@From the normal force P, and area of dangerous section x-y equal to f=zDoh, the 
tensile stress is 

Pn Pasina 


oO = = 


f Doh 1S: DOS yII a latencies catia Se cod C21) 


and from the shearing force P, together with area f, the shearing stress is 


IPs 1B COs a 
if Doh 





T 





NBME ei SU Tile wake sieves kes eo. eeu! (22) 


Combining first, o»+o,=0,, and then this with t according to Bach’s equation 
(see p. 168, Table 15) gives finally the resultant stress, 


Gig =o DoT-OO Vain aapties ve 6s) ei te. ce ede (23) 


This must not exceed the allowable bending stress Ky. For cast iron, for which the 
allowable tensile and shearing stresses may both be taken equal to Kn=Ks=2800 lbs. 
per sq.in., the value of the factor a is 


HE) 28007 
PUK 1S 2800 





ue 


ao 


Example. 2. The cylinder liner computed in Example 1 has the flange sketched in Fig. 127. 
With the dimensions there given and an explosion pressure pz assumed at 356 lbs. per sq.in., we 
shall have the following: 


Pa=1.1X 356 X .785 X 27.2? = 220000 lbs. ; 
Mp = 220000 X .79 = 174000 in.-lbs. ; 
n = 220000 X sin 20° = 220000 X .342 = 75300 Ibs. ; 
Ps =220000 X cos 20° = 220000 X .94 = 207 000 Ibs. ; 


: .2X 1.89? 
f=89.2X 1.89 =169 sq.in.; Wa = 58.3; 
174000 ; 75 300 aay 
chine hte = 3260 lbs. per sq.in.; Co 55 = 446 Ibs. per sq.in.3 
297 00 i 
T= gg 1225 Ibs. per sq.in.; 0b +0z=0,=3706 lbs. per sq.in. 


Hence combined stress is, from eq. (23), 





Ores, = 85 X 3706 + .65V 3706? + 4(.77 X 1225)? = 4000 lbs. per sq.in. 
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For the determination of the stress in the dangerous sections z-y, of the flanges 
of cylinders under internal pressure, Professor Bach! gives the following general 
equation: 

SoBe See he te beeen ees) 
hy 
Here p» is a correction coefficient which Bach determined as .8 on tests of similar cast-iron 


flanges, Ry= 2, p=pz, and z and he are according to Fig. 127. 


If this equation had been used in Example 2, the result would have. been 


3X 8X 14.2356 X.79 
(1.73)? 








= 3200 lbs. per sq.in. 


Ores. 


The first method of computation therefore gives a somewhat greater factor of safety, which, in 
this important place, is quite desirable. 


If the flange is cored out for water passages, the amount of cutting away must be 
taken into account by subtracting it from the circumference zDo of the gravity circle. 
The height A under such circumstances, is usually increased so that the flange wall 
separating any two water spaces becomes a radial rib or web which materially assists 
temperature equalization. (See Figs. 119 and 120, p. 122.) 


2. The Jacket Wall is in the direction of its axis under a tensile stress 


Pz=pzX.785 D? lbs. 
Its full cross-sectional area is expressed by (see Figs. 128 or 129) 
f=.785 (Da? — D;?) =zDms’ sq.in. 


The tensile stress therefore is a 
pz X.785 D2 p:D? 











> Sh(De= DP) De= Dea. fo eee 
: p2X.185 D? _ p,D? 
a OF zDms' Apes ‘ i i iy st ee 4 -) =) (25a) 
From (25a) 

, _p2D? 


s ie) ake ohn als Siwihe keh Sac eee et eit Ve, =) oils sae a aang) (26) 


If Kz=allowable tensile stress < 1800 lbs. per sq.in., and pz is assumed =356 lbs. per 
sq.in., the thickness cf the jacket wall will be 


356 D2 D2 
aes R = : ‘ 
{2451800 Dae a ee 





In practice s’ should not be less than 4%’ for small engines nor less than 4%” for 
the larger sizes. The cross-sections of the jacket wall weakened by cleaning openings 
or otherwise should be rechecked for strength. In the case of one-piece cylinders the 
tightness of the cylinder wall proper is often tested by hydraulic pressure. If the test 
pressure employed is equal to say 1.5p,=650 lbs., and the allowable bending stress is 





‘Bach, Maschinen-Elemente, 8 ed., p. 691. 
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taken at 9250 lbs. per sq.in. for a single application of such test, the jacket wall 
thickness necessary to satisty these requirements will, from eq. (12), p. 124, be 


fo OUD vine een eee ant! © Lr SGmy 


The thrust of the connecting-rod tends to bend the jacket wall as it does the 
cylinder wall, and the stresses and deflections involved can be determined in the 
manner already shown. For cylinders which are entirely supported in the frame, the 
axial tensile force P, (see pp. 103 and 113), together with the practical requirements 
of the foundry, will call for a thickness of jacket wall sufficient to take care of N. 
A closer -investigation of the influence of N must, however, be made in the case of 
large and long stroke engines having overhung cylinders, because in this case one end 
of the jacket wall must take up the entire bending moment. The dangerous section is 
then close to the connecting flange, and in the case of weak frames 
it may even be found in the flange seat of the frame itself. 

The flange used to connect the cylinder, or the jacket wall, with 
the frame has a metal to metal seat and is not called upon to resist 
gas pressure against leakage. Its dimensions therefore depend entirely 
upon the axial cover pressure P,=p..785 D?, if the normal pressure 
N does not enter the problem. The stresses in the dangerous section 
of this flange may be found in the same manner as for the cylinder 
barrel flange, pp. 126 and 127. Bach’s equation (24) there given may be written 
(see Fig. 128) 





pPae’ <=} X2xRohy?Ko, 
so that the maximum bending stress will be 


3 Paz’ uP! aoe. 
— (Pa <a 9 
eRe LOM ek toler AO 








0 


The bending moment Paz’ tends to deform the flange, as shown in Fig. 128, and 
it may happen that the inner cylinder or liner is thereby deformed in the bore. 
Sufficient rigidity is therefore of great importance. This may be obtained either by 
increasing the thickness, s, of the cylinder wall under the flange seat, by using radial 
webs, or by using heavy bosses in the flange for the bolt 
holes. All such stiffening should, however, be left out of 
account in strength computations. 

The bending moment in the flange for the cylinder cover 
or head will be a minimum when the bolt circle coincides 
with the gravity circle of the cross-section of the jacket wall. 
In that case the axial load acts as a tensile stress only, 
and when two-piece cylinders are used only that part of 
the jacket flange lying within the bolt circle is under a 

TEN Too Hea Gane fo bending moment due to the pressure Py necessary to keep 

Inches: a tight joint. At the moment of explosion, however, this 

pressure Py is relieved by the load on the cover= pz X.785 D3, 

so that at this instant the stress remaining is only that due to the necessary excess 
of P; over the internal load on the cover. 

The stresses are much more severe when the diameter of the bolt circle is greater 
than the outer diameter of the jacket wall. The flange is then under a heavy load 
due to the drawing up of the cover studs, which load induces bending, shearing, and 
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tensile stresses, as was shown from the liner flange on p. 126. The following example, 
in connection with Fig. 129, explains the conditions then existing in detail. 


Example. The cylinder liner, Fig. 126, computed in the previous example, is seated in the 
jacket flange, at the head end, as shown in Fig. 129. The pressure Pa required on the joint 
was on p. 127 determined at 220000 lbs. From this we can derive at once 


Pn=220000 cos 30° = 220000 X .866 = 190500 lbs.; 
Pa=Pa=220000 lbs.; 
<= 220000 sin 30° = 220000 .5=110000 Ibs. 


The area of the dangerous section w-y=/=33.3XzX2.44=255 sq.in., and its section 
modulus is 


W =4X33.3 Xz X 2.447 =104.0. 
Bending moment M]/o= Paz= 220000 X 1.27 = 282000 in.-lbs. ; 











110000 ; 190500 __ Weg Ete 
= Fone = 430 lbs. per sq.in.; ese 750 lbs. per sq.in.; 
2 : : 
a= = 2700 Ibs. per sq.in. ; 0, =0,+0b=750+ 2700 = 3450 lbs. per sq.in. 


Hence the combined stress is 





Gres, = +35 X 3450+ .65V 3450? + 4(.77 X 430)? =3590 Ibs. per sq.in. 
In this case, therefore, Ps or t could have been neglected. 


The cross-section z-y’, should next be checked. The shearing stress for this section is 
found to be 
220000 


31 Xz X1.57 








= 1440 lbs. per sq.in. 
The combined stress in 2—-y is close to the allowable limit. 


In one-piece cylinders it is often possible to make the radius of the cover stud 
circle equal to the mean radius of the jacket space, or to make it so that the studs 
are close to the inner jacket wall. Under these conditions the bending moment of the 
flange is very small. An arrangement of this kind combined with sufficient rigidity 
for the frame flange can, however, only be had in the smaller sizes of engine. 

Where special lightness of machine is desired the jacket is sometimes made out 
of sheet steel fitted over the head and crank-end flanges of the cylinder. This 
construction is not easily damaged by freezing of the cooling water, and it also admits 
of thorough cleaning of the jacket space from scale and mud. It has the disadvantage, 
however, that the steel, especially at the ends, is apt to rust through quickly, a 
process which is only temporarily arrested by painting or tinning. 

The connecting bolts between frame and cylinder may be of wrought iron, if well 
made. The allowable stress may be taken at 5000 lbs. per sq.in. of cross-section, as 
measured at the bottom of the thread. It should be remembered in this connection 
that a few strong bolts are better than a larger number of correspondingly smaller 
tensile strength. The smallest number of bolts should be four for small engines. 
English designers, even for the larger sizes, often use only two bolts, which are placed 
in the horizontal bisecting plane, that is, in a position not correct with reference to 
connecting-rod thrust. In general, the less the apparent rigidity offered by the design 
of the cylinder and frame, the greater should be the number of connecting bolts used. 

For cylinder-head packings and cover studs, see pp. 137 and 138. 
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III. Cylinder Covers (Cylinder Heads) and Stuffing Boxes 


Material is usually tough, close-grained cast. iron. During the first years of the 
development frequent cylinder-head fractures drove the designer to the use of cast 
steel. Since then, however, much simpler forms for the heads, which can with perfect 
safety be made of cast iron, have been developed. 

The allowable stress should, in such places where it can be determined with any 
accuracy at all, be kept moderately high, for cast iron say K,=3500 lbs. per sqg.in. This 
is done in order to get a construction not too rigid against expansion by heat and to obtain 
better conduction of heat through the walls. In general, however, the less the certainty 
with which the acting forces can be determined, the lower should be the value of Kj. 

The distinction usually made between. the term cylinder cover and cylinder head is 
that the former has a shape approximating a flat plate, or a plate having but simple 
curvature. The latter, on the other hand, contains the valves, and its shape is there- 
fore much more complex. In fact in some cases the dimensions of these heads in the 
axial direction is so great that they practically contain the combustion chamber. The 
triple duty (cover, valve cage, and combustion chamber) so imposed makes the 
cylinder head a machine member of the greatest importance and subject to the most 
severe stresses. Its design, for machines above a limited size, is further complicated 
by the fact that it is difficult to apply an even fairly rigid method of computation, 
and everything depends upon feel and judgment of the constructor. 

Simple cylinder covers are obtained when the valves are placed at the side of the 
cylinder, leading into the combustion chamber. This method is, however, only possible 
in the smaller sizes and where moderate compression is employed. In large machines 
with high compression there is not enough room for the valve ports in the circumferential 
surface of the compression space. Besides this, these ports weaken the cylinder, 
prevent the use of separate cylinder liners or bushings, and form- pockets in which 
exhaust gases are apt to remain and in which ignition is imperfect. Not quite so bad 
in this sense is the new arrangement of placing the valves at top and bottom at the 
end of the cylinders. But even this scheme is open to some objections, as, for 
instance, the breaking up of the combustion chamber. | It is also to be feared that, although 
by this design the cylinder heads are relieved and made much simpler in construction 
and safer in operation, the trouble has only been transferred to the cylinder, itself a 
machine member which already requires the most careful consideration in its design. 

The design of the cylinder head is in the main subject to the following three 
fundamental requirements. 

(a) Thermodynamically proper form of the combustion chamber, so that the distances 
for flame propagation in all directions from the igniter shall be the smallest possible, 
that there shall be no dead spaces or corners and inadequately cooled projections, and 
so that the movement of the gases from the combustion chamber into the cylinder 
proper shall occur in an axial direction as closely as possible. The inner form of the 
compression chamber should therefore approximate a hemisphere, or a short cylinder 
(length =diameter). The inner walls should be unbroken and smooth, and care should be 
taken not to deflect the stream of gas laterally as it enters the cylinder bore (see Part V). 

(b) Correct arrangement of the openings for valves and igniters. The unavoidable 
valve ports should reduce the enveloping surface of the chamber as little as possible. 
With due reference to practical requirements, these ports should be so distributed that 
there shall be an approximately symmetrical distribution of metal in the central 
cross-sections, so that the water-cooling may be equally effective on all sides. Local 
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accumulations of heat causing unequal expansions are thereby prevented and there 
will be no pockets out of the path of the jacket water. The jacket wall, in proper 
places, should be provided with sufficiently large cleaning openings, through which the 
space may be cleaned very thoroughly of core sand, and any deposit by the cooling 
water in the way of scale or slush can be removed from time to time. (Failure to 
remove such accumulations from the cooling surface has already resulted in serious 
accidents in operation.) 

(c) A general shape of the cylinder head such that a litile flexibility prevents the 
occurrence of high stresses. The design should be as far as possible of regular form, 
and of sufficient strength and stiffness, but the inner and outer walls should not be 
so rigidly connected that the latter cannot accommodate itself to the greater expansion 
by heat of the former. (Compare p. 120.) Unnecessary piling up of metal and 
abrupt changes in the thickness of cross-section should therefore be carefully avoided, 
the two walls should be connected only where necessity demands it, and rigidity 
should be provided for only in places where it is required (flanges or valve seats). 

The third requirement above outlined is, of all things connected with gas-engine 
design, the most difficult to properly carry out. The designer is thrown entirely upon 
judgment and trial, and even the most experienced are not safe against failure. The 
construction of a large cylinder head, more than that of any other machine member, 
therefore calls for close co-operation of drafting room and foundry, but even then the 
most careful work in the casting of the first few heads of new design does not always 
guarantee immunity against fracture in operation.! 

Designs of Cylinder Covers and Heads. (See also Figs. 71, 124.) 
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Fies. 130-133.—Cylinder Head m7 MND eet ee 
for a 6 H.P. Illuminating fl 
Gas Engine, old type. Built 
by Fr. Krupp, Grusonwerk, 












































Magdeburg. 
DGS. Fig. 131 shows the in- 
let valve at the right with 
S=11.80" 
=200 the concentric gas valve. 
i pate The exhaust valve is 
shown at the left. 





For details of the valve gear 
see p. 206. 





‘Valuable information from practice is contained in a lecture by Reinhardt, published in Stahl 
and Hisen, 1902, No. 21. 































Fias. 134-136.—Cylinder Head for a 100 H.P. Pro- 
ducer Gas Engine, old type. Built by the Ma- 
schinenfabrik, Niirnberg. 


Inlet valve on top, exhaust valve at the bottom, 
starting valve at the side. (Web a used to deflect 
the cooling water.) Material is cast iron. 
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Compression tats Fyqs, 137-143.—Cylinder Head for a 300 H.P. 
ve ae Ze | Tandem Blast Furnace Gas Engine, of the 
Zz : 


| older type. Built by Maschinenbau-Ges, 
Nurnberg. Material is cast steel. 
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Section A-B 





Fies, 144-147.—Cylinder Head for a 300 H.P. Gas Engine built by L. Soest & Co., Reisholz, Diisseldorf. 
Material is cast iron. (The Frame for this engine is shown in Figs. 87-89, p. 107). 


Constructive Details. Strength computations give useful results only in the case 
of the simpler covers. As regards cylinder heads no close mathematical treatment 
is possible on account of complexity of form and uncertainty of casting stresses. The 
designer is forced to rely upon experienced judgment and a few tried practical rules. 

The cylinder cover of simplest form is a plain circular plate, which may be 
considered as a beam under transverse stress, supported at the ends of a diameter. 
From what has preceded (p. 126), the cover-nuts must be drawn up tightly enough, 
so that at the moment of greatest pressure p, enough pressure still remains on the 
joint to keep it tight. If, as before, we assume the total stress in all of the studs 
to be : 

Pa=(1+#)p2X.785 D; Ibs., 


then each one of 7 studs has to carry a load of 








Pa _ (1+8)peX.785 D7 


P=~ : RR im Re ee 6 
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The pressure P, produces a constant bending moment 


ist 8 IEG oy ipay a 4c" POM lee “co ENG, 


Te 1 





which leads to the requirement that 


gp ees fas (30) 


ve 


In these equations e is the radial distance from center line of the stud to the 
middle of the packed surface (see Fig. 129, p. 129), and « a correction coefficient 
which, according to Bach,! may be made=$ for cast iron. If the cross-section of the 
cover is of simple rectangular shape, without water jacket, whose dimensions are, 
thickness=h, and diameter (length)=D,=2R,, the section modulus of the central 
section will be 

W =tD,h*=4R,h’. 
We may then write 
uPae waPe 
fe eee 


KyX4Rhed! 


bi 


and consequently the bending stress in the section, independent of the explosion 
pressure, p, and depending only upon the stress Py in the studs is, putting w=, 


_3.6Pae 3.6 71Pe 
Rah?x ~~ Rah?x 





Nose Or sc) litheaape hoes ate onde por(oe) 





Op 


At the moment of explosion the internal load on the cover is pz X.785D? lbs., which 
tends to bend the cover outward, and thus decreases the pressure P; upon the packing 
to a remainder tP;=iPo9, where t<1 represents the percentage of excess pressure as 
before explained (p. 129). The maximum total load on the cover is therefore 


Pela) p75 Di i Po tp, i807 Ibs. 8 Fe BQ) 
} vee D : 
Of this amount the force ps , acts along the semi-circumference z S =nky; while the 


2 
, ; rari. See nay 
is uniformly distributed over the semi-circular area —5~. For the purpose 


“ 


785 D7p, 
load fe 


of simplification, however, we will assume that both forces act at the center of 


: 4k 
gravity of the semi-circle, that is, at an arm amy = 4244 R; from the center of the 


v 


cover. The maximum bending moment then is 


gis eI IES CW ete a tee Ueno Ce) 


a 





or, since D,;=2R,, so that .5D;=2 RF, and '4244X.785=}, we may write, 


M, Ci 0p, Re in.-lbs,/- tne? Sa.) esa) 








, (L+t)p,X2 RIR; 2 
+ 3 3 


1 Bach, Maschinen-Elemente, 8 ed., p. 37. 
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But it has been shown above that the section modulus of a plane cover is 
W =4Rah?. 
Hence the bending stress resulting from M,’ will finally be 


21 +8) pz 


3 
Oa bee per sqdne Ye): hat 2k ) 2) ae 





Bach,! in his computations in this case, proceeds as follows: 
Combining the moment of the internal pressure 


2 We 
=n) aR; pz ee 


3 
err a 


the moment of the pressure remaining on the packing at the instant of explosion 


2Rr _tPoky 


7 7 


=.51P 


and the moment of the total stress 7Po +2R}p2 in the studs 





RUPE ER Be — 
the resulting bending moment will be 
/ a 2 Re 2 & Beda 
Mv! = (iPo + 2 Rj p2)—"— 5 Rj ps—tPo— 


2 2 
=F Rape—— Rep, +tPpe | 2 8s 5 rr 


If the distance e, see Fig. 129, from stud circle to middle of packing is small, 
the pressure tP;=7iPo will also be small. This is to be aimed at if possible. If this 
pressure is neglected, and w=? is introduced into eq. (35), this may be written 


Me =i Xi Rape 2 Ripe WS ee ee 
The maximum bending stress for the rectangular cross-sections is then 


_$R; Rap. —4R}P: 
Res Gt 





Ob 


(37) 


In order to simplify eq. (87), Bach substituted for Rr (the radius up to the middle of 
the packing), the stud circle radius Ra=R;+e. Then 


Me =4Ri p, inAlbe. Gh fo. Besee se a oreoey 





1 Bach, Maschinen-Eiemente, 8 ed., p. 683. 
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A simple flat cast-iron cover therefore requires a thickness 





6 Pz 
= eee 
h = Ra 5 Ry . ° . ° ° . ° ° e ° ° ° (39) 


or, putting p-=350 lbs., and Ky=3500 lbs. per Squils 
6 X350° 


h= RaN 573500 7 





‘346 Ra hha tire, Lehane tc U.S enn 


Since, towever, especially in case separate cylinder liners are employed, the distance ¢ 
is apt to be considerable, it is recommended that eq. (34) or (37) be used. 

For covers which are water-jacketed, the moment of inertia of the dangerous 
section, as far as this can still be determined, must be found, and from this the 


i : : Bee ths 
section modulus Bes is found in the ordinary way. If the cover is pierced by only 


a single and comparatively narrow axial opening, it may be assumed in the computa- 
tions that the connection between outer and inner walls is sufficient to overcome any 
weakening due to the opening, i.e., both walls may be considered unbroken, since 
experience has shown that a fracture never passes through the hole, but is always 
found outside of the connecting wall.! 

But if there are in the water-cooled cover several irregularly placed chambers, or 
if there is a comparatively large central opening, computation fails and estimating has 
to be resorted to. For cylinder heads in their complicated forms this latter method 
of design is at any rate the most common. Generally reliable practical rules cannot 
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Fic. 148.—Methods of Packing Cylinder Heads. 


be obtained in this case even from designs successful in practice, as too many factors 
enter the problem. If the cylinder head has a free-connecting flange, which is the 
case in at least all of the larger machines, special attention should be paid to the 
transition from this flange to the cylindrical surfaces of the head. The distance e 
above explained, see Fig. 129, may be so great that considerable bending stresses are 
set up at this point. It is usually possible to satisfactorily check this flange by itself, 
by the method outlined on p. 126. A second cross-section under severe stress is 
usually formed through the center planes of the valve seats, especially if the valves 
are large, and arranged concentrically one above the other. The danger of fracture at 
this point is emphasized materially when the valve cages have conical form, the seats 
strongly pressed together having a tendency to-cause fracture by wedge action. 

The inner surfaces of the heads should be curved if possible. This not only adds 
to the strength but is also favorable to free expansion and to combustion. Large 
internal flat surtaces are dangerous. In determining the thickness of the walls any 
external load brought to bear by valve housings, valve gear, pipe connections, etc., 
should not be forgotten. 

Fig. 148 a-g shows several forms of cover packings. Of these the first three can 
be used only in the smaller sizes of engines. In general, only those forms of packing 


1 Compare also Bach, Maschinen-Elemente, 8 ed., p. 685. 
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in which the packing material cannot be driven outward by the gas pressure offer 
sufficient safety. The simple tongue and groove arrangement, Fig. 148 d, is probably the 
most common, but costs more and is not so easy to make as the loose-packing ring, 
Fig. 148 e-g. Such a ring can first be accurately made in itself and then easily 
ground to a fit on the packing surfaces of cylinder and head. Between the surfaces of 
the ring and the flange it is usual to place a thin sheet of asbestos paper. A thick 
layer of such material, much above 3, should not be used because the studs have 
to be drawn up too tightly to keep it from blowing out or to keep the gases from 
breaking through it. It is evident that to obtain a good joint it is necessary in the 
first place to machine these surfaces as accurately as possible, that is, to produce a 
metallic joint as far as practicable, and then to use only material of good heat- 
resisting quality, as asbestos, vulcanized fiber, ete., for the packing. 

After many years of failure, forms of stuffing-boxes have lately been developed 
which completely satisfy the requirements of present day operation. It has been 
shown that only cast iron is suitable for the packing rings, and that all of the softer 
alloys will not stand the wear. The rings are given but very little spring, and 
tightness of joint is secured by a close-fitting of the bore of the ring to the rod, and 
the use of a number of rings in series. A good method of forced lubrication, distrib- 
uting the oil at several places along the length of the packing, is essential to good 
operation. 

It is of advantage not to house the packing in the cylinder cover itself but to 
use a separate cage, and to provide this with separate water-cooling arrangements. 
This permits a definite control of the mean temperature of the gland. The rule should 
be departed from only when the head or cover is-free from valve and igniter openings, ~ 
thus forming a simple body with wide and unobstructed water spaces. But even then 
separate water cooling and forced lubrication should still be adhered to. 

If a special design is desired it is well to use as a model tried forms of stuffing- 
boxes. such as are built ready for installation by a few firms. For large gas engines 
the Schwabe stuffing-box, Fig. 149, is most commonly used. The dimensions of this 
gland necessary to fix the dimensions of the cylinder cover are given in Table 10. 

Design of Stuffing-boxes. 
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Fic. 149.—Schwabe Stuffing Box for Horizontal Engine. 


GENERAL ENGINE PARTS 139 


TABLE 10 


PRINCIPAL DIMENSIONS, IN INCHES, OF SCHWABE’S GAS-ENGINE STUFFING-BOXES 
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Up to d=6”, the normal number of rings is 7, above 6” to d=12”, 8 rings. 


The cylinder head-studs are made mostly of best wrought iron. In many cases 
lack of room for the nuts compels the use of a smaller diameter of stud, when soft 
steel may be employed, in which case the allowable stress, based on the cross-sectional 
area at bottom of thread, may be taken at from 5500-6500 Ibs. per sq.in.? 

Number of studs, if cylinder head is sufficiently rigid, about 


j STORE At Ai eens ee a eth 8 cet te re | CEO) 
Many works, however, use a smaller pitch, up to 
Peat ter Unset) CAM he D4erl Sew re) bade ce SOE) 
D=diameter of cylinder in inches. 


To protect the packing, the pitch between studs should not exceed say OF 
course in case of necessity greater distances, up to 10’, may be employed, but with 
such spacing, even rigid flanges do not always prevent the opening of the joint. 


1TRANsLATOR’s Note. The use of soft steel for such purposes is probably universal in this 
country, wrought iron being little used in machine construction. 
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IV. Pistons, Piston Rings and Piston Rods 


Material for the piston heads, usually a good grade of close-grained cast iron; 
for, in the case of large engines, now and then, also cast steel. White metal lining on 
the bearing surfaces for both of these materials is sometimes used. For piston rings 
a medium hard, but not too brittle, cast iron is best. Soft steel, with or without 
white metal covering, is sometimes employed. 

The stresses occurring can be definitely determined only in rare cases, as for in- 
stance for the face of the piston. For cast iron the allowable stress may be taken 
at Ay=from 5000 to 6000 lbs. per sq.in. 

1. The pistons of single-acting internal-combustion engines are long, open trunk 
pistons, which, besides taking care of the gas pressure, are also called upon to 
carry the thrust due to the connecting-rod. In some of the later designs of large 
single-acting engines, the rod thrust is again transferred to a separate cross-head, and 
the bearing surfaces of the piston are often further relieved by carrying the weight of 
the piston on the cross-head and on a tail-road bearing. Quite as sound and worthy 
of imitation is the tendency to provide all of the larger trunk pistons with water- 
cooling arrangements. Water cooling wus for a long time looked upon as a serious 
complication, not only in operation but also in construction, and for that reason was 
not employed except in cases of necessity. But since the advantages of cooled pistons 
are more clearly understood, they are now gradually coming into use for the smaller 
sizes of machine, down to 20” diameter. Above 150 H.P. all engines should be provided 
with water-cooled pistons. The main advantages of this type of piston are to be 
sought mainly in greater reliability of operation and in greater durability. Cooled* 
pistons allow of greater compression, and by ‘changing the outlet temperature of the 
cooling water, give a means for controlling the play between piston and cylinder wall. 
They decrease friction and consequently, also, the consumption of lubricating oil, and, 
lastly, do away with radiation and prevent the formation of annoying oil vapors. 

Double-acting pistons are, in general, much shorter than the trunk pistons of 
single-acting machines. Their length is mainly determined by the number of necessary 
piston rings, unless, as in the Koérting 2-cycle, the piston controls ports. A length 
‘of piston greater than that required for the rings does not offer any further advan- 
tages. Excessive length increases the weight of piston and its water contents, i.e., 
increases the weight of the reciprocating parts, increases the load on cylinder walls, 
piston rods, and stuffing-boxes; complicates the manufacture and increases the difficulty 
of properly lubricating the piston surface. In the building of large engines the method 
of supporting the weight of the piston on the sides of the cylinder is being gradually 
abandoned. Instead, the piston is fitted in the bore with comparatively large clearance 
and its weight is taken up by special bearings outside of the cylinder. The office of 
the piston rings is then merely to make the piston gas-tight. 

A well-designed system of stiffening webs is of special service in the case of 
double-acting pistons. This should act as an effective stiffening for the entire body 
of the piston, especially between the face and the rod boss, and should at the same 
time promote the circulation of the cooling water. The core and cleaning openings should 
be placed in the sides of the piston and not in the face, to prevent any burning in of 
fastening screws, and any weakening of the face. Cleaning openings are in any case a 
bad feature of piston design, and their use may be avoided by using a two-part piston, 
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see Fig. 169, p. 142. Unless the cooling water is especially impure, a troublesome deposit 
of scale is of uncommon occurrence, because the rapid movement of the water, in 
spite of high temperature, does not allow the deposition of much scale-ferming material. 

The proper fastening of the piston body on the rod offers some difficulty on 
account of water inlet and exit openings encountered in the rod at this place. 
Further, the high explosion pressure necessitates rather large connecting surfaces to 
resist the axial pressure, if the unit pressure on these surfaces is to be kept within 
reasonable limits. Various methods of solving this problem are shown in Figs. 167-170. 

The fits at the ends of the piston rod for the cross-head and tail-road bearings 
should be from 4” to 3’ smaller in diameter than the rest of the rod, in order to be 
able to slip on the-stuffing-boxes and cylinder heads after the rod has had to be 
turned down on account of wear. 

Design of Pistons and Piston Rods. 
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Fias. 155-159.—Piston for a 100 H.P. Giildner Engine. 
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Fig. 162.—Water-cooled Trunk-piston, water 














































































Figs. 160 and 161.—Piston for 7 ie inlet and outlet through the tail-rod. 
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Fic. 163.—Tandem Pistons with Carrier Pistons and Cross-head, 700 H.P. Niirnberg Engine (old type). 
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Fies. 164-166.—Water-cooled Disk-piston, 700 H.P. Niirnberg Engine, old type. See also Fig. 163. 
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Fics. 167 and 168.—Piston and Piston Rod, 300 H.P. Double-acting, 4-cycle Engine, built by Gasmotoren- 
fabrik Deutz. (See also Plates IX and X). 
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pene — Fic. 169.—Disk Piston for 1500 H.P. Double-acting, 4-cycle Simplex 


Engine. (Stroke 55.2”, Assembly Drawing in Part III.) 





This method of piston construction has the following advantages: the 
two parts can be thoroughly cleaned of core sand during construction 
and of scale during operation, there is no thread on the rod and no nut 
in the combustion space, and lastly the holding surface on the rod is 
normal to the pressure on the piston. 
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Constructive Details. The general formulas for the design of 
cross-heads may be applied to the design of trunk pistons. The 
length ZL of such pistons mainly depends upon the connecting- 
rod thrust, since this determines the unit bearing pressure K. 


We must have 


N 
max < 
Soa ee eee TC) 


in which N,,,, is the maximum value of the connecting-rod thrust. 
It can be shown, p. 158, that, for a ratio of connecting-rod to 
crank=5, 
28 


Nmax~7p {bs., - odewns, SES a rayy cs a Ce) 


in which P,=maximum explosion pressure. 
Hence the piston length Z must be 


AP: 92X.785 D2? pz2X.0785D . 
= en 
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(43) 


In this Z may be taken to represent the real carrying length 
of piston, i.e., the total length of piston after subtracting the 
part containing the ring grooves and that part of the inner end 
usually turned down somewhat to allow for expansion. These 
amount to about one third of the total piston length. But this 
cutting down of bearing surface may also be taken into account 
by keeping the unit pressure AK down to a low figure, in which 
case L from the above formula may stand for the entire length. 
This last method is the simpler of the two and will be used here. 

According to the experience gained in steam-engine practice 
with independent cross-heads, the maximum unit pressure 
should not exceed from 35 to 45 lbs. per sq.in. In view of the 
fact that the main office of the trunk piston is to maintain a 
gas-tight packing, and that on this account the bearing surface 
must be constantly kept in the best possible shape, the pressure 
kK for such pistons must be kept considerably below the above 
figures, in spite of the fact that N,,,, occurs only every fourth 
stroke and that in general the total thrust is not serious. In 
large trunk pistons it is well not to exceed 21 lbs. per sq.in. 
For this pressure the minimum length of piston then is 
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and for the normal diagram, with p-=356 lbs., 
00374 < 396.) = ~ 1:3 Di0 cates 's 5 . (43n) 


In small engines in which longer pistons offer no special 
difficulties, IL may be made as great as 2.5D, that is, K= 
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(Assembly Drawing in Part III.) 
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Fig. 170.—Piston and Rod for a 1200 H.P. Double-acting 4-cycle Simplex Tandem Engine. 
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from 10-11.5 lbs. per sq.in. In large engines, however, excessive length of piston leads 
to the difficulties already pointed out, 1.e., excessive weight of reciprocating parts, 
inequality in expansion by heat, trouble in proper fitting and in uniform lubrication. 

The weight of uncooled pistons in horizontal machines usually does not reach 
.75 lbs. per sq.in. of projected piston area LD, and therefore has no appreciable 
influence on the value of A. Where water cooling is used, however, it may under 
certain conditions, so greatly increase the weight of the piston that it should be taken 
into account. 

The thickness of the face of the piston, without webbing, may be found by 
considering it a flat round plate supported at the edge and uniformly loaded with the 
force of explosion pz. The dangerous section of such 'a plate is found along a. 
diameter, as is the case for simple cylinder covers. This section is under the action 
of two moments acting in opposite directions. The first is due to the fluid pressure 
Dxpz _R°npz 


4k 
3 5) acting at an arm equal to =— 


3,7 80 that the moment is 
a ’ 


My, == 2 R pz. 


The second results from the reaction at the supporting edge, and is equal to the 


Rxpz 5 2R A “ 
force 5 acting at an arm of , so that its moment is 
Te 








. My, = BB pz. 
The resulting moment is therefore 


My = R8p.—% R3pz=4 R pz. erin MCA ee 
The section modulus of a flat plate of thickness, 0, is 

W =% Do? =% Ro?. 
From the relation 
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we can therefore derive the required thickness of piston face 


Pz iS 
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Inversely, with a given value of 0, the unit stress in the section will be 
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1 Batch modifies eq. (45), writing it arNne, introducing a coefficient, , whose 


value for a plate simply supported at the edge is gi and for one rigidly fastened at the 
edge is a In eq. (45) we have assumed the average value “~=1.0, and have taken 
oO 


the radius of free length R=" (instead of r=radius of the inner surface of the piston 





! Maschinen-elemente, 8 ed., p. 37. 
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face, as Bach has done). This assumption, for most conditions excessively safe, 
allows the use of a comparatively high value for the safe stress K;—=7500 lbs. per sq.in., 
and putting p,=356 lbs., we obtain the special equation 
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In case the piston is webbed, the proper section modulus, instead of 402, is 
to be used in eq. (44a). But care should be taken not to overrate the strengthening 
effect of such webs, on account of additional temperature and internal stresses and 
the effect of the thrust N, none of which have been allowed for in the above 








Fie. 171.—Fractured Piston Head, Experimental Engine, 27.5/’ Cyl. Dia. 


discussion. That such overrating is possible is sufficiently shown in Fig. 171, which 
represents the face .of the piston of a large marine engine (Loutzki), which was 
completely shattered by an explosion much more severe than the ordinary. This 
occurred when, during the trial of an engine operating on a new  constant-pressure 
cycle with a maximum pressure of about 350 lbs., the supply of oil, owing to some 
irregularity, became such as to suddenly change the slow combustion into an explosion, 
during which a maximum pressure of about 1400 lbs. per sq.in. seems to have been 
generated. An occurrence of this kind, however, is much less dangerous to the 
attendants, and less costly to repair than the fracture of a cylinder head for instance, 
and for that reason it is not a bad idea to purposely design the piston face weaker 
than the cylinder cover and thus to constitute it a sort of safety-valve. 
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The maximum thickness of the piston barrel (for meaning of symbols see Figs. 
151-154, p. 141) may be made about 


D ‘ 
a= (F+t+2) INNS s "ab eee Maimeri CAND) 


The decrease of 0, toward the open end depends upon the system of webbing 
used, the position of the rings and of the wrist pin, and upon considerations of 
manufacture. The thickness at the open end may, if the webbing is sufficient, be 
made 

00 =? O71 to 401, oer era NTS Ope eC ee dG (48) 
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provided there is no danger of drawing the barrel out of round through the wrist-pin 
fastenings (see below). 

To allow for expansion by heat the inner end of the piston barrel, commencing 
at the last piston ring groove, is to be tapered) down by about from .2 to .5%. 
The proper amount of taper, that is, the diameter D,, can only be determined by 
actual trial, since it differs considerably in different types of engines and with different 
conditions of operation (for instance, size and design of piston, and kind of iron used, 
compression pressure, revolutions per minute, heating value of the charge, temperature 
of cooling water, all have their own effect). Too much play between piston and bore 
leads to leaking, knocking, and incrustation of. the piston; too little increases the 
friction, hinders lubrication, and causes scoring of the sliding surfaces. Water-cooled 
trunk pistons are usually only relieved as far as the thickness of the piston face, 
because the clearance between piston and cylinder bore can be easily regulated by adjusting 
the temperatures of the cooling water for piston and cylinder jacket. If outside bear- 
ings are used for the piston, the clearance between the latter and the cylinder bore 
is usually made so great that only the piston rings bear against the cylinder wall. (In 
the piston shown in Figs. 164-166, for instance, the clearance is 51.95’ + 51.79” =.16”’.) 

Dished piston faces and edges projecting internally may cause local accumulation 
of heat, which is likely to cause trouble for the first piston rings or the wrist-pin 
bearings. All the rings should if possible be located in that part of the barrel externally 
cooled (by air or by water), and for that reason it is of advantage to make the bridge 
up to the first groove (see Fig. 151, p. 141) equal to 
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The thickness of bridge between the grooves, having regard to possible re-turning, 
should always be c2b. The depth, ¢, of the grooves should be but little greater, 
np to .02”, than the thickness, s, of the rings, especially for the inner rings. The 
clearance between bottom of groove and the rings should be as small as_ possible, 
because it causes loss. of charge or of compression, fills with oil, and the oil, crusting 
down, sticks the rings fast in the grooves. 

To protect the piston rings, and to distribute the wear on the cylinder evenly 
over its entire length, some of the rings are sometimes transferred from the inner hot 
end, to the outer cool end of the piston. This also tends to retain the oil on the 
piston surface in better shape. The snap-rings of vertical engines should be secured 
against turning in their grooves so that the number of joints is evenly distributed 
over the circumference. In horizontal machines it is usual to space all the joints, 
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with proper staggering, over the lower third ot the circumference, or at any rate, 
care should be taken to avoid any chance of the joints registering with the oil grooves 
of the cylinder. (See Fig. 153, p. 141.) 

To obtain uniform distribution of the bearing pressure K the wrist pin should 
be situated in the middle of that part of the piston carrying the load; the relieved 
inner end of the piston should therefore be excluded. Waiving this, the wrist pin is 
sometimes placed nearer the inner end of the piston in order to obtain a shorter 
over-all length of machine. Or again, it is sometimes placed nearer the outer end, to 
obtain a cooler location for the bearing. The latter is compatible with the principles 
of good design, the former is not. 

In large pistons a proper system of webbing has a marked influence on the 
stiffness and strength. For pistons up to 20’ diameter, from 6-8 radial ribs, each 
from 3” to 3” thick, together with a couple of strong ribs each side of the wrist-pin 
bosses, is quite sufficient. (See Fig. 160, p. 142.) In larger pistons, at least the radial 
ribs of the lower half of the piston should be extended to the open end, and the 
cross-section of the piston through the wrist pin should be stiffened in addition by a 
couple of circular webs. (See Fig. 155, p. 141.) Thin webs in sufficient number give 
a lighter weight of piston for equal strength than a few thick webs, and by increasing 
the radiating surface, render great aid in the cooling of the piston. 

Water-cooled trunk pistons receive some stiffening through the added walls of the 
water space. But care should be taken to see that the wrist-pin bosses are sufficiently 
stayed with reference to the piston barrel, since no great dependence can be placed 
in the comparatively weak inner jacket wall. The thickness of this wall is usually 
kept down in order to decrease weight and to leave room for the head of the connect- 
ing-rod, but it should in any case be sufficient to withstand an internal fluid pressure 
of at least 120-150 Ibs. per sq.in. Of course, the pressure of the entering cooling 
water hardly ever exceeds 60-75 lbs., but there is a possibility of the formation of 
water hammer, which would cause momentarily considerably higher pressures. If the 
tightness of the piston face against leakage is to be tested by hydraulic pressure, as 
is specified for cylinder jackets on p. 128, the test pressure to be used determines also 
the proper thickness of metal in the jacket wall. 

The proper lubrication of the piston and its wrist pin is naturally of the utmost 
importance. Oil grooves on the circumference of the piston are of doubtful value if 
the oil is fed merely by drop feed and not under pressure. Such grooves are then 
easily filled up with gummed oil, and become rather harmful than otherwise. If, on 
the other hand, the oil is forced in by a pump at the right moment, the grooves 
are washed clean, and are then of service. In the larger engines only forced feed 
lubrication should be employed, and the oil should be supplied at several points of 
the piston circumference at the same time. This is the only method which insures 
certain, and, at the same time, economical lubrication. The oil grooves should not 
open into the interior of the cylinder. The best place for the exit of the lubricant 
is between the first and second piston rings (counting from the piston face), or even 
one ring beyond this. For the lubrication of the wrist pin in small engines some type 
of drop-feed oiler (supplying the pin by means of a wiper or by a groove along the 
upper piston surface), or a pressure grease cup, is usually satisfactory; but for the 
larger sizes only forced lubrication offers sufficient safety, especially in vertical machines. 

2. The piston rings are usually cast-iron snap-rings of small width, fitted in 
grooves cut around the circumference of the piston. Special spring rings and detach- 
able seats for the rings have not proved successful, as nearly all these special con- 
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structions lose their efficiency after a short time by burning fast or otherwise sticking, 
and because they usually require a greater thickness of metal in the piston barrel. 
Rings held out by springs also require a greater depth of grooves, the disadvantage of 
which has been pointed out above. 

In general, the snap-rings are made of uniform thickness. Eccentric rings do not 
possess any appreciable advantage, because the purpose for which they are used, that 
is, to obtain a uniform spring around the circumference, is not realized. On the other 
hand, they cost more to manufacture, and toward the joint the clearance between 
bottom of groove and the ring is seriously increased. 

Constructive Details. Let the external diameter of the snap-ring, when in place, 
be D=2r ins. (the same as the cylinder bore), let the mean radius of the ring be 


a ins., and let Ky lbs. per sq.in. be the allowable bending stress. Then 
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in which p (in pounds per square inch) is the pressure of the ring against the cylinder 
wall. From this the required thickness s of the ring is 
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The allowable stress Ay in the dangerous section opposite the joint, may be taken 
fairly high, for cast iron from 12000 to 17000 lbs. per sq.in., because the stress is 
constant and acts always in the same direction. Snap-rings, however, are under their 
greatest load when being stripped over the piston to slip them into their grooves. 
This is only possible as long as 
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in which £ is the modulus of elasticity.! 

If it is desired that the stress induced during the slipping on of the rings shall 
be the same as the stress during operation, that is, that o’»=0o»1, we must have a 
thickness s of ring, assuming #=11500000 for cast iron, equal to 


Ko + 9 
D145) ut 2) 


S=Tm 


From these equations we find the following relation between = and Kz, Table 11. 


1The derivation of these equations is given by K. Reinhardt in the Zeitschrift d. V. D. I., 1901, 
p. 375. Tables 11 and 12 are taken from this very complete exposition of the question of piston 
rings. 
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TABLE 11 
PROPORTIONS OF SNAP RINGS TO STRIP OVER PISTON 
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| 








Kp= | 11 600 | 12900 14500 | 16350 | 18450 | 20900 24300 | 28300 | 33 500 lbs. per sq.in. 





The spring pressure, p, per square inch of circumferential e ea, with which the 
ring in place presses against the cylinder wall, varies from 3.5 to 7 lbs. per sq.in. Its 
amount does not appear to depend as much upon the value of the gas pressure to 
be confined as it does upon the rapidity with which the latter rises and falls For 
any given set of dimensions (see Table 12), 


Ko Kos? ; 
a APR DCUSC MAME hoard 0 aoe” Ser RO) 


s? 





~The part to be cut out of the ring at the joint may be made equal to 











D-s_ DK» rKp 
=Atsvahs grass eae 
a=9. osx 5 x Ish 951m <E?" (54) 
a 9.5 XX e=9.5rink Se aes de ae ee w+ 0, (OE 
Values of «a, the last term of eq. (54), are given in Table 12, for a series of 


values of and Ko, assuming the value of #=11500000 for cast iron. 


The width of the ring has no influence on the spring p or the bending stress op. 
It may vary between 


Gator ca © opine een usta eh han, ie xe (DO) 


depending. upon the number of rings used. The number of rings may be found 
approximately from 
D 
) 2 = 56 
in which D=cylinder diameter in inches. It is a matter of experience with gas 
engines that narrow rings in sufficient number make a tighter packing with less friction 
than a smaller number of wider rings. 


1A means often resorted to on testing floors, when the piston blows through, is to conduct the 
pressure of the explosion into the grooves under the rings, to increase the pressure p. Needless to 
say, this means of “last resort’’ is wrong’ from all points of view. 
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TABLE 12 


VALUES OF p AND x FOR VARIOUS VALUES OF = aS AND Ky, FOR SNAP RINGS 
Simers 





ed 






































| oe Ky= | 10000 | 11350 | 12800 | 14200 | 15600 | 17000 | 18450 | 19900 | 21300 
| 
oy (ioe. 2 leat. | 249, | 2x80 Satay eiad es onal 4 one dae 4.67 
5 | 0175 | .0200 | .0225 | .0250| .0275| .0300| .0326| .0350| .0376 
io, bagel (P| Bea ee era BOs 8 Ay, lee St aoa yt gla 5.22 
K ‘0166 | .0190 | .0214 | .0238 | .0262 | .0285| .0308| .0333 |  .0357 
ie LAG OP of PALS) Set0 S60, 18.88. ear i lodres OME Osamlas ee 5.83 
5 | 0157 | .0180 | .0203 | .0225 | .0248] .0270| .0293| .0317|  .0338 
vel apis bo (8208... (B48 8-88 | B67 4 80 erases orale 6.55 
5] ‘0149 | .0170 | .0191 | .0212 | .0234 | .0255| ..0276 | .0298 |» .0319 
peer ic ie er eee ean inl yee he er 7.40 
[cee Wee ‘0140 | .0160 | .0180 | .0200 | .0220} .0240| .0260 | .0280 _ .0300 
te laeg | oP | 398. foe8t | 507. | 5.065 16.22 670.717.8870 8.48 
i. K ‘0131 | .0150 | .0169| .0188 | .0206| .0225| .0244| .0262 | .0282 
ggg | BeOS 2h (500. aie te) 7 eo are, | am 9.75 
1 k ‘0122 | .0140 | .0157| .0175| .0192| 0210] .0228| .0245| 0263 
los | 2 | 5-32 |6.07 [6.83 | 7.60 |83¢ |9.10 | 9.86 |10.62 | 11.35 
13 5] ‘0114 | .0130 | .0146| .0163| .0179| .0195| .0212| 0228) 0244 
i Pagel > (8-22 17a7 8.00 18-07 49 Bese 0. 76) lites. na ae eaiaieeae 
)IL.5) ‘0105 | .0120 | .0135 | .0150| .0165| .0180| .0195| .o210| .0225 
i lags | 2 17-88. | 8-61 |9.66 j10.72 11.80 12.85 [18.95 [15.05 | 16.10 
1 5) i 0096 | .0110 | .0124] .0138 | .0151 | .0165| .0179| .0193 | .0207 
os | ? [9-28 [10.50 [11.80 [13.12 |14.40 [15.60 [17.00 18.35 | 19.70 
10 5 | 0087 | .0100 | .0113] .0125 | 0138) .0150| .o163| .0175! 0188 
> | a5 | P [it-30. i812 [14.75 [16.40 [18.00 [19.70 [21.30 [23.00 | 24.56 
K ‘0079 | .0090| .0101 | .0112| .0124| .0135| .0146| .0157| .o169 





Examples. 1. A piston whose diameter is D=35.5’ is to have snap rings, which, when 
stripped over the piston, shall not have a stress in outer fiber exceeding K»y=18450 lbs. per sq.in. 


From Table 11, when Ky=18450, the ratio —=16. 


From Table 12, for Ky=18450 and —=16, p, the pressure exerted by the ring, =6.41 lbs. 


per sq.in. Hence the thickness of ring will be 


5D ; : 
pas = = 110" 
5 
: +.5 


by \ 76.9 





If the width b is chosen=1.25 s=1.375’’, the number of rings required will be 


{= 85.5 —- 6 
SB BUSS ae 


From Table 12 we also find the value of « to determine the part of ring to be cut out at 
the joint. From eq. (54a) we have 


a= 95x xKn9.5 x PEM y 996 = 4.25" 
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2. Suppose that, for the same piston, the specifications call for a value of p=5.7 lbs. 
per sq.in. and a value of K»o=14200 lbs. ste the ring is in service. 
Then from Table 12 the value of ~ will be about 15, that is, the thickness of the ring 
will be | 





#7355 - 
1S Rea a7 
The width of ring is 1.25X1.18=1.475’”, and the required number is ine =5. The part 
47 


cut out of the circumference will be, again using « from Table 12, 


35.9 —1.18 ~ 
a=9.5X 5 < .0188 = 3.06”. 


“a 





If it is desired to strip these rings in place, the value of “should be, from eq. (51), 
8 


11500000 ; : tm 85.5—1.18 
= 19.086 ‘ = =14.5: 
35 X14200 18.0 ut the above dimensions show a value of ; 2xX148 14.5; hence 


stripping is no longer possible unless there is no objection to Ky exceeding 14200 lbs. per sq.in. 
Another way of solving the difficulty, besides furnishing detachable fastenings for these rings, 
would be to use a cast iron of greater ductility, that is, smaller value of L. 








The spreading of the rings preparatory to stripping them 
into place must be carefully done, otherwise even a_ properly 
made ring may break. With rings of large diameter, spreading 
is possible only by means of special appliances. Fig. 172 shows 
one of the types proposed by Reinhardt. This is so designed 
that the angle between the two forces tending to spread the Tiston| ring 
ring is always about 60°. .The greater this angle, the greater 
the danger of fracture, a fact which should be kept in mind | wD 
when spreading by hand. 

To determine the shop dimensions for the ring, express the 


gap distance a, see Fig. 173b, as a function of the cylinder 1G. 172.—Spreader 
used to put snap 









diameter, say a=xD, or r=. Then for the preliminary turning ring in place. 
make 

the external diameter Da= | (1+) +12] TDA Soe UT > Suan vn ote Als ure) Celaa) 
the internal diameter, Di= (2 +2) —25—.12] LES ch se ues aid Mog eis Sthg eee (OOM 


After cutting out the gap a [a determined from eq. (54) and (54a)], the external 
diameter of the compressed ring will then be 


ae aC oy im linn Can ala? 


The mean allowance for finishing is therefore .12’. This factor disappears in eq. (58) 
if the rings are not to be finished on the inside. Large piston rings require a some- 
what greater allowance, while for small rings a somewhat smaller allowance than .12” 
is sufficient. 
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Example. 3. For the rings computed in Example 1, the gap a=4.25’, hence 1=4.25+ 35.5 
= 118... Then 


De=35.5(1+: 18) 412 36.96” ; 


Di=35.5 (1 +8) —(2X 1.10) —.12=34.52”; 


36.962 —4.25 
Do= : = 235.6277 = (D+.12) in., as called for. 





Notes regarding the manufacture of piston rings: The rings are turned and cut off 
from a piece of cast-iron pipe having sufficient wall thickness. Stress should be laid 
on obtaining the proper grade of iron, and it is a good idea to have the pipe cast 
solid at one end. 

The work proceeds about as follows: (see Fig. 173) 

(a) Turn the pipe to the proper diameter, inside and out, leaving a certain 
allowance (see above) to give the finished ring the required spring when com- 
pressed. 

(b) Cut off the rings at once to the required width, so that possibly only slight 
scraping will be necessary to make them fit the grooves closely. 

(c) Cut out of the circumference a certain distance or gap a, see Fig. 173b, so 
that the ring may be compressed to the diameter Do. For the ordinary lap joint, the 
piece a may be cut out by milling (Fig. 173a@ above), or by drill- 

U ing (Fig. 173a below). Compressing the ring to the diameter Do, 

however, gives it a slightly elliptical form, which, in the case of 
a “| small rings, may be taken care of in the allowance made for 














ae: finishing. In large rings, however, this eccentricity must be re- 
Je tS moved by hammering the inner surface of the ring. This pro- 
Bias 173: cedure at the same time increases the spring of the ring. The 


surfaces of the joint in contact should be scraped to a fit. 

(d) Join the ends of the ring. This may be done as in Fig. 173c, by passing 
a pin c through the two ends held the proper distance apart, or if the joint is of 
the simple diagonal type, two pieces of thin sheet steel may be riveted over the cut. 
In both cases the method of fastening should be somewhat flexible to prevent any 
straining or warping of the ring. 

(e) The rings are next turned to the desired outside diameter, and also inside 
diameter, if required. This may be done by turning them one at a time or by holding 
a number of them in a suitable jig. For very important work the rings should not be 
finished at one cut or at one setting; instead, a number of smaller cuts should be 
taken and the hold loosed after every cut to allow of equalization of any possible 
casting stresses. Rings which must be very accurate (for high pressure work) should 
also be finished one at a time. 

(f) After the removal of the joint connection, file out the clearance a’, Fig. 
173c, to an amount varying from .04 to .20’, depending upon the diameter of the 
ring. 

The step joint, Fig. 173, is only used in rings which have a diameter exceeding 8” 
and a width of at least 34’. For smaller rings the joint is simply straight diagonal 
or straight across. 
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The diameter of the wrist pin, sometimes called piston pin, depends upon the 
moment 
Prlo 


lo . 
My= 7 = pz X.785 D? x7 in.-lbs., Geter ace hoki at comme (GO) 





and 
Mo S '5d3 Ko in.-lbs., 


where d is the diameter of the pin, for Jo see Fig. 154, p. 141. 
For given values of d, lp, and P., the bending stress in the pin therefore is 





toe! 
a 4B B ~ Ibs. persqin, . . . 61) 


and from this, putting A»=12000 lbs. per sq.in. for steel, the least diameter of the 
pin must be 











ware 1.964 pz Dlg - 3 D2lo 5 
faN kK: 6000“ Meg. 
For our normal diagram, with pz=356 lbs., 
(es rvs ee ag WT AAT AA RES GG 


Eqs. (60) to (62) depend upon the assumption that the pin is supported in its bearings 
with some flexibility and that the load is concentrated at the middle of the pin. In 
fact, the load distributes itself over a length of the pin, which in the most favorable 
case may reach the entire bearing length J. In such cases the bending moment 
reduces to 


m=—(2—5) iorclis: “Aap ee) ihe, Gene ee ray 


Bach, for instance, uses this formula for cross-head pins. In view of the fact 
that, in new machines, the pin hardly ever bears over its entire length, and that any 
deformations of piston or pin bearing will destroy this condition, if it ever exists, 
eqs. (60) to (62) should have the preference. 

The length of the pin depends upon the unit bearing pressure, which, at the 
moment of explosion, should not exceed 1800 lbs. per sq.in., and should be smaller if 
possible. Since 
P; pz X .785 D2 

















ae al dl WORE. (64) 
the length of the pin should be 
and with pz=356 lbs. per sq.in., and Kmax =1800 lbs. per sq.in., 
RE od pe ad ha he Ls SRO Oe pes Gay 


d 
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In large engines with high explosion pressure, the room available for the inner 
connecting-rod end is in nearly all cases so limited as to necessitate the use of unit-bearing 
pressure greater than the above (up to 21-2200 lbs. per sq.in.). Under such condi- 
tions, however, the wrist pin, even if carefully constructed and well lubricated, will 
always be the most delicate part of the entire machine. In every case the pin should 
be made of the best machinery steel and the bearing surfaces hardened. 

In small engines the pin is held in its bearings, which are nearly always slightly 
tapered, by strong set-screws, and is kept from turning by keys. (See Figs. 151-154, 
p. 141.) For large engines, of course, more elaborate methods than this are required, 
some of which are shown in Figs. 155-161. Although they should insure the greatest 
safety, the pin fastenings should be such as to be easily loosened, and when drawn 
up they should not tend to deform the piston. This should be especially noted in 
key fastenings. 

The dimensions of piston rods may be determined from the generally applicable 
long column formula of Euler, which may also be used for connecting-rods, as will 
be explained more in detail later. The material of construction for piston rods should 
be the best grade of ductile open-hearth or crucible steel. 

Formule (1) to (8) or (8n), p. 191, may. be applied without modification to solid 
piston rods, The length L is figured from the center of the cross-head pin to the 
middle of the length of the piston boss. The factor of safety S=20, used there for 
other reasons, should not be materially reduced for piston rods since the conditions 
of their operation are no more favorable, and any subsequent returning of the rods 
on account of wear must be allowed for. Ample rod diameters are also desirable 
with reference to stuffing-box construction (see p. 138.) 

Usually the piston rods of internal-combustion engines are hollow to allow of the 
passage of cooling water. The moment of inertia of the rod cross-section: is then no 
longer 

nd 


A= oa" 


but [= (dt — dit) ~fy(d*— dit) in’, Us! J 


where d and d; stand respectively for the external and internal diameters of the rod. 
From the general long column formula, the allowable load on a column is 


, El 
Pi =T7 6L2 lbs. . Fy Fy . e 7 ‘ . ‘i . ‘ (67) 


For £L=30000000 and S=20, the allowable total piston pressure then becomes 


30000000 740 000(d4—di*) | 


De 4a ck) wey is 
Pi=9.87—po379 (dt — ait) 12 


DS. oa! faa ee 


For our assumed normal pressure =356 lbs. per sq.in., Pz =280 D?, hence 


2640(a"— di") 


Ds ——, . (68n) 


In vertical engines, eqs. (68) or (68n) may be directly applied. With the factor of 
safety chosen, G=20, the resulting moment of inertia is generally so large that a 
correction with reference to the additional bending moment, due to weight of rod and 
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piston in horizontal machines, is not necessary. To be entirely certain, however, it 
is well to chesk the deflection, f, according to the formula 


[3 3G; 4 
ars ee a Cr in. for machines with tail-rod, . . . . . . . (69) 
TAG rae le . ‘ : 
and ra E +f in. for machines without tail-rod, . . . . (69a) 


in which G; is the weight of piston rod, and G; is the weight of piston including its 
charge of cooling water. f must be kept in any case smaller than the clearance 
allowed between piston and cylinder bore. 

The deflection of the piston rod should be confined to its lowest possible amount 
on account of its effect on the stuffing-boxes. If with the maximum deflection 
allowable, eq. (69) demands too great rod diameters, either the piston must be allowed 
to rest on the bottom of the cylinder, or some such scheme as Kollman’s method of 
centering must be adopted. This consists in giving the rod, when under no load, a 
bend upward during the manufacture equal to the deflection f, so that, when in 
service, the weights G, and Gx draw the rod into a straight line. In the shop the 
rod is given this initial bend by the use of a revolving tool head, holding the rod 
stationary. It cannot be done by the ordinary method of turning between centers. 

For information concerning the methods of fastening the piston on the rod, see 
pages 141 and 142. 


V. Crank Shafts 


Material. Cast steel, for the larger engines only the very best grades; mild crucible 
steel with a tensile strength of at least 70000 lbs. per sq.in., and a ductility of at 
least 20%, or open-hearth steel with a tensile strength of at least 64000 lbs. per sq.in. 
and 18-20% elongation. Of late years, in very im- 
portant cases, a high percentage nickel steel. is some- 
times used. This has a tensile strength of from 
96000-98000 Ibs. per sq.in with an elongation of from 
20-22% (in 8’’). 

Allowable stress about 12000 lbs. per sq.in.; with Post . 2] 
excellent material and well defined stress conditions Se. 
this may be increased to 14000 lbs. per sq.in. In Fia. 174. 
crank shafts, however, besides the question of strength, 
the stiffness, that is, safety against bending, is the all-important consideration, and 
the dimensions should be taken accordingly. 

1. General Kinematic and Stress Relations. Referring to the notation of Fig. 174, 
the piston position, or portion of the stroke passed over corresponding to any given 
rank angle a, may be expressed by 


CUNTX 





y 





2 
2=r(1—c0s a) + L(1—cos f) ~r(1—cos a) +5 5 sina, MA ence Sn) 


: é ; 3 fi 
or, with a ratio of crank to connecting-rod Aa 


x=r(1—cos a) +L[1—V1— (asin a)?]~r(1—cosa+}Asin?a). . . . (la) 
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In these equations, and in what follows, the positive sign will refer to the outstroke, 
and the negative sign to the instroke of the piston. 

In crank mechanisms in which the center line of the cylinder does not pass 
through the center of the crank-shaft, the stroke of the piston is greater than the 
diameter of the crank circle. If the offset between cylinder and center of shaft=a, 
the stroke of the piston will be 





Sav (LPN 27 a ne 


The increase or decrease of the piston velocity may be found from the expression 








ope SING 18) ae 
Ce age: ysin.a(l-Acosa)s + ao 0 “i eee 
2 : Pa ; 4 
in which v = oe uniform linear velocity of the crank pin. 


The acceleration, or retardation, of the piston from one velocity c; to another 
velocity co, in the time interval from ¢, to t2, expressed in seconds, may be expressed by 


= 28 "(cos a J 08 2a) = 10? (cos:@sk A cos: 2a). 2 See) 





The piston has its maximum velocity when a4-8=90°, at which position 


v 


tan p= = jis and Cmax ~ cos B’ 


(5) 


ce 


Assuming A=+, we shall then have 
Cras = UO2= 1Gen. a a ed cet ERE Se 


in which cm, the mean piston velocity -— Sp ko tl ee” a (6) 


The force of acceleration, or the inertia pressure, of the reciprocating parts of an 
engine per square inch of piston, is, when the weight of these parts per square inch 
Gt 


of piston is expressed by Go=F 


p= Ph —rat2(cos a A c05 2a). <u ce he Sunn eneee ee mean 


Since the angular velocity of the crank a 


30) we may write eq. (7), 


Go 
= r7z2— Ss 
Db =1T - 22(55). (cos a+ A cos 2a) 306(35) Gor(cosa+Acos2a).. . . (7a) 
From eq. (7a) we have for the two dead center positions of the piston 


As = 308 ($5 5) Gor(t 4) = 306 (i 5) Gor(147). aia. | ate 
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The total weight, G, is made up miainly of the reciprocating parts (piston, 
eross-head, and piston rod). Only part of the weight of the connecting-rod (from 
45 to .55 of its total weight) is included in the weight G: or Go. The accurate 
determination of the inertia effect of the connecting-rod is best made graphically.! 


TABLE 13 


WEIGHTS OF RECIPROCATING PARTS PER SQUARE INCH OF PISTON FOR VARIOUS 
TYPES OF ENGINES 














’ Kind of Engine. | Weight coat lbs. per in. of Piston. 

Single-acting Engines: 

Aetuicall ic FaMistRon api SSS Tol By ok ee | 3.5-4.0 

PUR UU a LUO LIMON ee OME) eames anth 2. wien stetisy wiiususl a subvsteee Se ones yah sities oe | 4.24.9 

WAR CORSE CAC WS Ion UO bei On DD) e axtaitvl as ehes o/h sie Steele) sos delaras gceog tenes 5 .6-7 .0 

smalluhiah=speedsaltomobile ENGINES ove ccs se aes ute ete ae ae ees .35—.60 
Double-acting 4-cycle Engines: : 

SAILS LON BIEIN GC Lamar Mei caneNe snag goes. sve ar'eievel slates evcuals abies sachetene Shue 11..0-17.5 

TRG IETR 5 3 5 wink Bo Suet ad CBps S Deaton ENA AC CEN i aa oo 18 .0-25.0 
Double-acting 2-cycle Engines: 

Sr LOO peter COnuNO We ran iar: «ss ) pals es fe g dete daaraneas Coat 16.0 

arco (OOOREIM PEN SILOS ac atte ite eiefin ee clevayltbe| sssode ee elm levoins aherouctne ene cates 21.4 





If p; represents the fluid (gas) pressure behind the piston at any time, the net 
pressure on the piston during the time the reciprocating parts are accelerated will be 
pi—po, and during the time of retardation it will be pi+po lbs. per sq.in. But since 
the work of acceleration during one stroke of the piston must equal the work of 
retardation, i1.e., the sum of these is equal to zero, the power of the engine is 
independent of p, and only depends upon p;. In moderate speed stationary engines 
the inertia pressure, po, will not usually exceed from 40-60 lbs. per sq.in. of piston; 
but in high-speed motors it may under certain circumstances be much more than 
this. Fig. 175 shows well what abnormal operating conditions may occur with reference 
to the inertia pressures, when the weight of the reciprocating parts is not well adapted 
to the speeds used. The figures refer to an automobile engine with D=32”", S=5}”, 


Go =.64 lbs. per’sq.in. of piston, and l=zs. 


The total pressure on the piston at any given time is 
P=7; x .785 D2. 


This causes a normal pressure upon the guide (trunk piston or cross-head) equal to 
(see Fig. 174), 
h Nem GATE ns bey w “cal op tet ida Saapesn tl Maries ouch Meas Rake) 
The pressure along the rod is 
ats 
Rca 6 


1 Mollier’s Method, described in Zeitschrift d. V. D. I., is well suited to this purpose. 
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The difference between P and K is so small with the connecting-rod ratios in common 
use, that they may in general be considered equal. 
The turning force (tangential crank-pin pressure) is 


=P sin (a +) 


: - cos 8 


oR Ue RS Oe ds nl 


and, finally, the bearing pressure is 


DY 


: 
eres (a+ B)~P cos (@+P)y 2h. 8s ee te eA 


The curve, Fig. 176, shows the variation in the value of the guide pressure, N, 

for the expansion stroke, as computed on the basis of the normal diagram, Fig. 33, 

p. 71, and for the ratio A=}. 

ssiacbik © For the other three strokes N is 

| of course much smaller. Since the 

pressure volume diagrams for all 

15° explosion engines have about the 

same general shape, Fig. 176 shows 

op the general variation in N. As 

will be seen, Ny, occurs between 

| 809 16 and 18% of the stroke, and at 
Los/i CZ = rie that point has the value 


A 


198.81 B5/ 5G; t72: 
\ 





















INES —_ ts ie, . . (11n) 











Fig. 175.—Inertia Diagram. 
G,=.64 lbs. per sq.in. of piston 
etl et ; This figure is rounded off, taking 
areas —=-—— + D=3.35"+ S=5.5/” : . 
L 4.5 into account any possible late 
ignition. The mean guide pres- 
sure during the expansion stroke is about Nm~t Niax =3y Pz 
The variation in the tangential effort or turning force during 
the compression and expansion strokes may be seen from Fig. 178. 
This has again been based upon the normal diagram, Fig. 33, from 
which the pressure diagram, Fig. 177, has been derived. The inertia 
curves shown in Fig. 177 were obtained by assuming the weight of 
reciprocating parts Go=4.27 lbs. per sq.in. of piston and a speed of 200 
r.p.m. The inertia forces for the suction and expansion“strokes, during which 
they are not taken up by gas pressure, cause an alternately positive and negative 
pressure on the crank-pin, which pressure is considerably greater than that due to 
the suction and exhaust resistances. Hence the effect of these resistances may be 
neglected and the tangential effort diagram confined to the second and _ third 
strokes of the cycle. Figs. 177 and 178 apply to 2-cycle engines as well as to 4-cyele. 
Complete’ tangential effort diagrams are given under ‘‘Computation of Fly-wheels,” 























THOS 


(Oo Pas 
From Fig. 178 it appears that Tmax occurs at approximately 40° crank angle. 
The factor sina) in eq. (9) for this crank angle (a#=40°) is approximately =.75. 


cos 2 


-The pressure still remaining on the piston for the same angle is usually in the 
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neighborhood of Pi:~.6 Pz. Hence the maximum tangential pressure may be ex- 
pressed by 


Dn = TM IE Tie M8) JE NGS 12 S405 Peay al as . (12n) 


Without correction for inertia, the value of P: and hence of Tmax, would be somewhat 
greater, and since when an engine is being started, the inertia forces are comparatively 
insignificant, it will be better for the sake of safety to write in general 


=o 6 ey 8 Gla) and Tas = (OP. are ee ies ee GLAD 


The above also makes some allowance for possible late ignitions. 
The shaft bearings are always under the maximum pressure at the Teoriens of 
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Fig. 176.—Variation in Pressure on Guide. Fic. 177.—Pressure Diagram. 


explosion. Hence if the two main bearings are placed symmetrically with reference 


> ‘ P; 
to the center line of the cylinder, the maximum pressure on each will be Z=-> lbs. 


a 
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Fig. 178.—Forming Effort Diagram for Compression and Expansion Strokes. 
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The magnitude and direction of Z is, however, modified by the weight of shaft 
and of fly-wheel, and by the belt pull, if this method of transmitting the power 


is used. 
Table 14 gives the complex trigonometric functions used in . computing 


piston positions, velocities, pressures, ete., for various per cents of the out- and 
instroke. 


160 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


TABLE 14 


PISTON AND CRANK TRAVEL, WITH THE TRIGONOMETRIC FUNCTIONS INVOLVED 



































1 2 3 4 5 6 7 8 
Piston Position 2. Crank, a ae a 
ngle od Angle, a a 
Outstroke Instroke Oeietske 8 eee a Aes (1+$cosa) | }fcos2a 
in %S in % S. | 
2 98 14.8 3.0 0.306 201.952 0.304 1.141 
4 96 Die 4.1 0.425 0.905 0.428 1.080 
6 94 26.0 5.0 0.515 0.857 0.516 1.022 
8 92 30.2 5.4 0.583 0.812 0.586 0.955 
10 90 33.9 6.2 0.630 OL G75 0.648 0.905 
12 88 3723 7.0 0.698 ORS 0.705 0.848 
15 85 41.8 7.4 0.757 0.654 0.765 0.767 
20 80 48.9 8.4 0.842 0.540 0.853 0.631 
25 75 55.4 9.3 0.904 0.428 0.914 0.498 
30 70 61.5 10.1 0.949 0.315, 0.962 0.369 
35 65 67.3 10.4 0.277 0.214 0.993 0.244 
40 60 73.0 11.0 0.994 0.105 1.011 0.126 
45 55 78 .6 DP S2 1.000 0.003 1.018 0.012 
50 50 84.2 11.3 0.995 0.096 1.014 0.068 
55 45 90.0 11.4 0.980 0.196 1.000 0.200 
60 40 95.7 11.3 0.956 0.292 0.976 - 0.295 
65 35 101.7 11.2 0.920 0.390 0.939 0.388 
70 30 108.0 11.0 0.875 0.485 0.892 0.471 
75 25 114.6 10.3 0.839 0.545 0.832 0.548 
80 20 121.9 9.5 0.751 0.660 0.759 0.616 
85 15 130.0 8.6 0.663 0.749 0.668 0.677 
88 12 135.3 8.0 0.597 0.802 0.604 O2409 ms 
90 10 139):2 1.3 0.552 0.834 0.554 0.727 
92 8 143.6 6.5 0.500 0.866 0.496 . 0.746 
94 6 148.5 6.0 0.431 0.903 0.4383 = OR D5: 
96 4 154.3 5.0 0.353 0.936 0.355 0.776 
98 2 161.9 3.4 0.253 0.967 0.251 0.789 
100 0 / 180.0 0 0 1.000 1.000 0.800 














* Crank angle for instroke=180— a. 


2. Friction Losses in Journals. The friction losses considered in the design of 
bearings and pins should be computed on the basis of the average piston or journal 
pressure for one complete cycle (i.e., for four or two strokes, ds the case may be). 
On account of the extreme variations in the working pressures and the uncertainty 
regarding the coefficient of friction existing at any given instant, the allowable 
pressures on the sliding surfaces in contact should be taken at a rather low figure. 
The explosion pressure, p:, only determines the maximum unit pressure kmax. on the 
journal, and this should be placed at such a figure that the oil film can never be 
completely squeezed out of the bearing. This is satisfied in general as long as 
kmax. £1400 to 1600 lbs. per sq.in.; higher values of k up to 1800 lbs. per sq.in. are 
permissible only in extreme cases. : 

In the case of 4-cycle engines the average piston pressure of a complete cycle is 
composed of the average pressures on the four strokes, that is, ; 


pn =P PEP TP4 js, per sq.in., hat 2 ae ere (15) 


‘ 
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pi and pq for the suction and exhaust strokes are due to the inertia forces which 
the crank-pin must take up. For the mean pressures of the compression and expan- 
sion stroke, i.e., po and ps3, this effect disappears, since the positive pressures due to 
the moving parts during the one half of the strokes are balanced by the negative 
pressures during the other half. Turning to our standard diagram, Fig. 33, p. 71, we 
find p, and py each equal to about 18 lbs. per sq.in., p2=32 lbs. per sq.in., and 
p3=128 lbs. per sq.in. (p3—p2=pi). Hence 


18 +32+4128 +418 
Pm= 4 





= 49 lbs. per sq.in. ~50 lbs. per sq.in. A Ace ca GrD) 


With a given diameter of cylinder equal to D in., the resulting mean piston pressure 
for one complete cycle therefore is 


ee ea 1) = 30.20 DD" ~ 40 Da tse 2 oA pe eae, Ta) 


It is quite usual even to-day to compute the work lost in friction using the mean 
effective pressure, pi, or even the explosion pressure pz. Either method is incorrect, 
and the computation so made can at best only give some general idea of the magni- 
tude of the friction loss for preliminary estimates. This method of computation would 
mean that 4-cycle and 2-cycle engines, single- and double-acting engines, should all 
have the same crank-pin dimensions, which of course is wrong. 

The general equation for the work lost in friction is 


anit 


T6012 ft-lbs: OOLESCCs cine. ss > use bey. te) | OR OLS) 





Ar=kvp= 


Equation (18) contains the coefficient of friction, #, which, depending upon the 
load, quality of the surfaces in contact, and the degree of lubrication, may vary from 
.03 to .10. If, on account of its uncertainly, this factor is entirely neglected (it 
cancels from both sides of the equation), we will have the following general formula: 


Prn Pn 


= 79501 ~ 9301 Else DErsSeCry strat -7.) manent er ween ney) CLO) 


kv 


For the crank pin we therefore have 


Pm X .785 Dn pmD?n 
2301 ~~ 2901 








kus PE DSi HER BOG. via, Catwret! «Abie ee oe) 


From the value for pn computed above for the standard diagram, we may further 
derive the special equation 
DO Dn. An 


E5001 5.8 





fte-lbe.p per: SeCk vy. © is owe Ob Gk eC eOU) 


(a) The Crank Pin. Without reference to considerations of strength, the minimum 
crank-pin length should therefore be from eq. (19a) 





_PmD*n . | 21 
= ‘o90ky A Bees ALONG. Tam pee) 
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or, for the standard diagram, p. 71, we have according to eq. (20n), 


2, 
jn age OU cee ee na 





5.8kv 


For the ordinary construction of steel crank pin, the maximum limiting values of kv, 
as based on experience, are about as follows: 


For Bronze Bearings. For Bearings lined with White Metal. 


kv < 1200 ft.-lbs. per sec., kv < 1500 ft.-lbs. per see. 


Where very careful construction and perfect lubrication is assured, the value of kv 
for white metal can in case of necessity be increased to kv=1650 ft.-lbs. per sec. It 
is recommended, however, that this value be used in extreme cases only. 

In order to retain the oil film in the bearing during the moment of explosion, 
we must have 


dl 





Kraax = 


2X .785 D? 
SURE < 1400 to 1700 Ibs. per sq.in., oat yy Eee 


or 


2 2 
Rae = oS 1400 to 1700 Ibs. per sq.m. 9. 4... “ss, eae 


For this reason we should be certain that 





s PeD” c 23 : 1>D* 
12 sp00d in., oe EBS) or aad 


Te. 5) | ney ite nee coum C27) 

In the case of small and medium sized engines, other features of design, especially the 
crank-pin bearing of the connecting-rod, will generally result in dimensions for which 
kv and kmax are smaller, i.e., / is larger than the values above given. 

(b) Crank Shaft or Main Journals. The bearing pressure in the main journals is 
determined by the piston pressure, the weight of the fly-wheel, and the pull of the 
belt, neglecting the weight of the shaft itself. The weight of the wheel and the belt 
pull generally affect only one of the bearings directly, but the general practice is to 
neglect this fact also. In the case of vertical engines with shaft above the cylinder, 
the bearing away from the wheel is relieved of a part of the explosion load, P., by 
the weight of the wheel, G, because weight of wheel and force of explosion are 
opposite in direction (most favorable case). In vertical engines of ordinary design, 
with crank shaft below the cylinder, the directions of P, and G@ are the same, hence 
these forces are additive, and the bearing next the wheel receives an extra load due 
to G (most unfavorable case). In horizontal engines, the line of action of G is at 
right angles to that of Pz, hence the resulting bearing pressures are relatively less 
than in vertical engines with crank shaft below the cylinder. However, the line of 
action of the bearing pressure due to the gas pressure in the cylinder approaches a 
vertical more and more as the expansion proceeds, and this effect may be emphasized 
under certain conditions by the belt pull. For that reason, the following investigation, 
based on the assumption that the lines of action of Pz and G coincide, may be 
applied to all types of construction. 
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Referring to Fig. 179, we will then have 





[vee anreeaaaer a ee canna 
kop $$ 9 Oe 700 FH 
dyly 60 x 12 bi 230 = lbs. per sec., . (24) 


from which the required minimum length of main journal may be determined. 
For engines having a third, or outboard bearing, we have the following relation 
for the second main bearing: 





5 Pmt G— 
1 Pade 
0S X5Rp = 700 IG. AbS:per seC.ren-5, “Ss cee aa (2D) 


In the case of main journals, as in the case of crank pins, the above limiting 
value for kv, which applies to ordinary constructions, may under favorable circum- 
stances be exceeded, and to a considerable extent, as some of the examples to follow 
will show. 

The weight of any belt wheel is usually so small as compared with the weight: 
of the fly-wheel, that only the latter need be considered. In any exceptional case 
these two gravity forces must be combined. The 
maximum bearing pressure in the outboard bearing 
is usually kept below 400 lbs. per sq.in. 

3. Strength Computations. Side cranks are used 
but little in gas-engine construction, except perhaps 
for some small and cheap engines for general power 
purposes. The objection to them is mainly based on 
the fact that these cranks are supported on one side 
only.! 

The usual type of crank-shaft (center crank) is 
given a third, or outboard, bearing when the fly- 
wheel is exceptionally heavy, or when it is seated 
any considerable distance from the main bearing. Fig. 179. 

Above 30 H.P. the use of an outboard bearing is 

more common. In nearly every case the center line of the cylinder bisects the 
distance between the middle planes of the main bearings, i.e., referring to Fig. 179, 
the distance on each side is equal to 4a. The usual proportions are 





a=from 1.8 to 2.2 D, 
a,=from .4 to .5a, 


and the center line of the third bearing is usually at a distance a;+a2=from 1.75 to 
2.5a from the center line of the nearest main bearing. 

As far as the crank pins and the crank webs are concerned, it is usually sufficient 
to check them for a maximum load equal to the explosion load Pz (crank angle 
a=0). A simple comparison of the expansion line of Fig. 33 with the tangential 


1TRansLaTor’s Norn. This view is apparently not shared by some American builders, who are 
using the Tangye type of engine frame with its overhung crank. 
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effort line of Fig. 178, will show that P. decreases at a much faster rate than JT 
a 
2 
it is plain that the shaft parts mentioned must be under greatest stress at the moment 
of explosion. This applies even to constant-pressure engines (of which the Diesel is a 
type) with cut-off as late as 12-15% of the stroke. Only the diameter .of the main 
journal transmitting’ the power is determined by the forces existing at the moment 
of maximum tangential effort (a~40°). Nevertheless it is well to check the crank 
webs of the larger machines also in this position of the crank, and for machines 
having a heavy fly-wheel this computation becomes necessary. 
In what follows this double check has been used, in order to 
give a better insight into all the conditions that may prevail. 

(a) Maximum Piston Pressure P: in the Dead Center 
Position. In horizontal engines! in which part of the weight 
of the fly-wheel is not supported by an outboard bearing (the 
most unfavorable case) the crank pin is acted upon by the 
following moments: 

A bending moment M,,, due to the piston pressure Pz. 

A bending moment M,, due to the fly-wheel weight G 

Fic. 180. and a torsion moment My, also due to G. 
The moment M;, can at once be determined from the 

pressure P,. The other two are most easily found by use of the reaction forces 
at the bearings. These reactions are as follows (for notation see Fig. 180): 


increases, and since the moment arm = for P, is always greater than the arm r for T, 





Pz 


Due to Pz, Rp =-> lbs. Ete an lee See RE IIE Br 

Due to G, Ra=G2, and Ryu = Ro +G=G-— Ibs. . MER 
Consequently G+ Ra— Ryn =0. 

My, =" 34 Ins-lb ses? he 2 we a ee 

Mos = Rix in bsp S a er 

Ma= Rat ya-lbs: os om) *. | pee pee | ee 


Since Mo, and Mo, are acting at right angles, the combined bending moment 
wiil be = ore 
My = M2, + M%, in.-lbs. 


The two moments Mz and Ma are next to be combined according to Bach’s formula 
(see p. 168, Table 15). The resulting moment is 


M,=.35 Mp+.65V M% + ag M2a in.-lbs. 


1 For modifications in the method of crank-shaft computations for vertical engines, see p. 176. 
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Ko Ps ; 
13Ky For good steel A»y~12000-13000 lbs. per sq.in., and Ka~10000 
\bs. per sq.in., hence 


The factor ajp= 


13000 


13x10000~ 1: 


ao = 


so that ao may hereafter be neglected. 
From the above, the maximum bending stress in the crank pin will be 


M, 











oo We uy 
Now, for solid crank pins, 
wa d3 
Be * 10: 
Hence 
10 M; rad, oes 
ob=—F3 HOS SOCE- CO lt ee Cal oat wish “caper eng ee CLG) 


The following example is inserted to make clear the relation existing between Mo,, Mw, 
and Mg. 


Example. 1. The crank shaft- shown in Figs. 181 and 182 belongs to a Korting engine 
having a cylindér diameter of 10%. The number of revolutions is 160. With an explosion 


J. 


haga 
T aa i Pa 


GFF4- 7 
x Py ee Vill, TLD 
Mee 3 
A 








Fics. 181 and 182.—Dimensions in Inches. 


pressure of pz~350 Ibs. per sq.in., the explosion load is Pz=27000 lbs. The weight of fly-wheel 


=G=2640 Ibs. Then, from the above equations, 


Rp=.5X27000=13500 lbs. ; 
13 


-}- 
Ryu = Ry + @ = 145022640 = 4090 Ibs. ; 


27 000 x 23.6 
£ 


Hence Mo.= = 160000 in.-lbs. 





My, =~ 160000? + 17 100? = 161 000 in.-lbs. 


Mo,=1450 Xx ae =17100 in.-lbs. 
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Ma=1450 X 9.37 = 13 600 in.-lbs. ; 





M, =.35 X 161 000+ .65V 161 000? + 13 600? = 161 500 in.-Ibs. 
The maximum bending stress in the crank pin in the dead center position is therefore 


_ 16150010 
4.73 








15140 lbs. per sq.in. 
Neglecting the two moments Mp, and Ma, the bending stress due to M», alone would have been, 


160000 x 10 
= ie = 14960 lbs. per sq.in. 


This example shows that it is usually sufficient to check the crank-pin against the 
load Pz only, provided the weight G and the arm a@ are not abnormally great. If, 
however, M,, and M, are neglected, we may derive the following simple expression: 


Pua _ P2al0 ES 103 
W4  4d34 d3 








Ibs. per sq.m. 2. 0 23. Ze 


Ob 


Assuming o,< Ky=14000 lbs. per sq.in. for good open-hearth steel, the diameter of 
the crank-pin will then be 


AS 3/P,a2.5 i 3 Pua o 
= V74000 5600" * 





(33) 


Assuming further that a~1.8 D, which is approximately true for the larger engines, 
and putting p,=350 lbs. per sq.in. for our standard diagram, we will finally have the 
special equation 





7Q] 2 
d fide SOU D <4 BD) 


: =a _ ee a 
5600 V .09 D?=.448D~ 45D. . . . . (33n) 








The limit of safe stress above assumed, i.e., 0, < 14000 lbs. per sq.in., is apparently 
rather high, but in view of the fact that only the best kind of open-hearth steel 
should be used for crank-shafts, this stress may be considered safe, provided no other 
disturbing deformations occur. In the real case, also, the stresses are not quite as 
severe as the above safe method of computation would indicate. For instance, the 
real points of support of the shaft, as far as the explosion load on the pin is con- 
cerned, are not located in the middle planes of the bearings, but somewhere near the 
inner edge. For this reason the real free length concerned in the determination of 
the bending moment is not the distance a, but approximately 2c (see Fig. 179). 
Generally, 2c=.65-.75a, hence the real bending moment is from 25-33% smaller 
than the computation with a indicates. It should further be considered that the load 
P, acts in a normal direction but a very short time, so that in a sense but little 
time for serious deformation of the metal is available. Lastly, the load Pz in reality 
is not a concentrated load, as above assumed, but is distributed over the length of 
pin=l. With these modifications the bending moment due to P, would then decrease 
from 





My, =" to Mu=5(e-3). ree. n venpiee ierh pease tee (28a) 
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In a similar manner the bending moments derived below for the crank webs and 
the main journals are in excess of the real stress conditions. All the computations 
are thus based upon the assumption of the most unfavorable conditions that can 
exist, hence the results give shafts which are safe not only against imperfections 
in manufacture and other accidents, but which combine great stiffness with sufficient 
strength. 

The Crank Webs or Arms, at the moment of explosion, besides being under a 
purely compressive stress of minor importance, are also subject to bending and 
torsional stresses. The crank web nearest the fly-wheel or belt pulley is naturally 
under the greater stress. In this web we have the following moments (see Figs. 179 
and 180): 


A bending moment, due to Pz, = My, = ae INsLDS> acl elite Moriya cae Oe) 
A bending moment, due to Ry, =Mon.=Ra (+-§) WaT GB). G. ence eee) 

and a torsion moment, due to Rg, =Ma=Ra(a—e) in-lbs. . . . . (86) 

The stresses due to these moments are: 
: M : Mv ‘ 

In bending, on = Top Ibs. per sq.in. . (37) and on Ibs. per sq.in. . (88) 
6 é 

In torsion, rat We mCUAeno Cs ak. Fothwk a ode tems Pag ete i) Se 28S) S 1 Ye ABD) 
9 


Combining these stresses in the proper manner, we have: 


Bending stress in the two edges under greatest stress due to %,+9%.=9%; 


Stress at the center line of the wide side of the arm due to 9%, and 17; 


; : b 
Stress at the center line of the narrow side of the arm due to op, and 7 =a 3 


The bending and torsion stresses in the last two cases are combined into a single 
resultant stress, according to Bach’s equation, 


Geog Db0E OD on ae lbs: per sdam.. ©... aie. » (40) 


This equation may be re-written 
Or . T 2 
2 354.65\1+4(=) ; 
Ob Ob 


and to simplify the computation of or the following table gives values for = when the 


aes 
value of — is known. 
Ob 
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TABLE 15 

2S 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 t.1 
9b 
vais 1.013 | 1.050 | 1.108 | 1.182 | 1.269 | 1.364 | 1.468 | 1.576 | 1.688 | 1.803 | 1.921 
Ob ’ 
Ppt= 7) 5.8 Gy 8.7 GE | IOI 108 NAG 2 AT BA ie ee 
ioe 1.2 13 1.4 1.5 1.6 eye 18 1.9 2.0 2.5 3.0 
ob 

| 
ee 2.040 | 2.160 | 2.282 | 2.405 | 2.529 | 2.653 | 2.778 | 2.904 | 3.030 | 3.664 | 4.300 
ob d 
Ppt= 12 1072 | 12.8 |) 12.4 | 12.4-| 12:6 |-12.6 | Wave.) fe-77V eee) gee 





























The figures in italics in the lines marked Ppt may be used for interpolation. For example, 
T “ Tie o . c 
suppose —=.52, then the corresponding value of — interpolated between the values given in the 
Ob Ob 


fifth and sixth columns of the above table may be found as follows: 
Ppt=2X9.5=19, since .52 exceeds .50 by 2 in the last place. Then 
Or 1.269 | 
Gas f SILAS, 
ob 019 } y 
Example. 2. The right crank web of the crank-shaft, shown in Figs. 181 and 182, is under 
stress due to the following moments: 


27,000 ; 6 X 98600 ; 
My,=- Bi 7.30 =98 600 in.-lbs. ; O13 RAKE OOOO Ibs. per sq.in.; 
: e me ‘ 610150 ; 
Mo, = 1450(9.37 — 2.37) =10150 in.-lbs. ; n= 3 ayn pe Ibs. per sq.in. ; 
9 X 23600 








Mqa=1450(23.6 —7.30) = 23600 in.-lbs. ; 1540 Ibs. per sq.in. 


"9X 3.54 X55 


From the above, the stresses will combine as follows: 
In the two edges of the arm under greatest stress, 8600 and 570 Ibs. per sq.in.; 
In the wide side of the arm, 8600 lbs. per sq.in. tension and 1540 Ibs. per sq.in. shear.; 


In the narrow side of the arm, 570 lbs. per sq.in. tension and 15402 — 995 Ibs. per sq.in. 


shear. “DO 
The resultant maximum stresses therefore are: 


Edges of arm: 0b; + ob, = 8600 + 570 =9170 lbs. per sq.in.; 





Wide side h: Or = 35 X 8600+ 65° 8600? +[4X15407]=8960 Ibs. per sq.in.; 


Narrow side b: Or = .30 X 570+ 65\/570? + [4 X 9257] = 1450 Ibs. per sq.in. 
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It is clear at once that the stress in the narrow side of the arm is considerably 
below that occurring in the wide side. The thickness of the arm (b), in the direction 
parallel to the shaft axis, should be made quite liberal when the fly-wheel is seated 
on the shaft outside of the main bearings and no outboard bearing is used, because 
the explosion load may cause deflections in the crank arm which at once manifest 
themselves by unpleasant lateral vibrations in the fly-wheel rim. According to a well- 
tried rule of thumb, the crank arm thickness in center crank-shafts should be at least 


O—OmvOMnInOs 


The fate of a center crank-shaft too weak in the crank web is well shown by 
Fig. 183. This shaft was part of an engine of 20 H.P., with crank shaft above the 





Fig. 183.—Broken Shaft from 20 H.P. Vertical Engine. 


cylinder, which made it: a comparatively large engine of its type. The lateral vibra- 
tions of the fly-wheel rim were at first but slight, but during ten years of operation 
they increased in magnitude to such an extent that the engine could no_ longer 
be used. 

An investigation showed that the crank arm transmitting the power was ruptured 
through about four fifths of its cross-section near the junction with the main bearing, 
and that only the inner one fifth of the cross-sectional area remained sound. A part 
of the area of rupture had already lost its usual granular appearance and appeared 
polished, showing that friction between the surfaces must have occurred during 
operation. As will be seen from the figure, the fracture starts exactly in the joint 
between the journal and the arm, from which we can conclude without doubt that 
the sudden transition from one surface to the other was at least partly to blame 
for the occurrence. It points out the necessity of a liberal fillet at that point, as in 
the case of all other similar constructions under stress. 
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If the weight of the fly-wheel is supported by an outboard bearing, the moments 
M,, and Ma, due to G, disappear. The stresses in the crank arm are then only those 
due to P., that is, a certain compression stress and the stress due to moment M,,. 
For the latter, eq. (84) may be rewritten for our standard indicator diagram 


from which 


Me; = 140 Dein.-lbsy id come Geet ee eae 


840 D?e 
b?h 





0b= 


(41) 


The dimensions of the main journal transmitting the load are always determined 
by the maximum turning moment. 

(6) Maximum Turning Moment for a=40°. The piston pressure, P:, acting in 
this position of the crank (see Fig. 184), causes a pressure 7 at right angles to the 
crank, and a pressure Z in the plane of the crank. From these the stresses acting 





Fig. 184 


in the various parts of the shaft may be derived, neglecting 
the moment due to G (see above). According to eq. (13n) 
and (14n), p. 159, Pr=.7 Pz,.and T=.5P,. Hence the radial 
force Z with a=40° and §=7.3°, equals 


Z =P; cos (40+7.3) ~.68 Pi lbs., 
or Z= 68K. Pz=™~A8 Pe lbss te os. eo 


Of this amount one half=.24 P., falls to each bearing. 

The exact computation would have to be made, taking into 
account the reactions, R:, fz, and Ry, resulting from TJ, Z, and G, 
but since Example 1 showed that the stresses in the crank pin 


are not seriously increased by the fly-wheel weight G, this computation will for the 
sake of clearness not be made here. 
The crank-pin is affected by the following moments, see Figs. 179 and 184. 








A bending moment due to 77, My=2 eee Tos Pag ok ee 
A bending moment due to Z, Mo,= “4 =" 120 POs a ee 
A twisting moment due to R, Ma=Rr=.25Pr. .... . . (45) 
My, and Moe act at right angles, hence 
My=V Mo? + Mo? =V (125 Pza)? + (.120 Pa)?. . . . .:. *(46) 


From the moments as 


above computed we will then have the following stresses 


10 M. , 
oF Ibs. jee a0 0c en iS sem see 





Bending, o= 


5 Ma 1.25 Per . 
ae ao a3 " Ibs. Der-Sdins Veter a ae 





Torsion, T 


The resuitant stress will be, as before, 


Or =.3506 +.65V ov? £422 < Kp. 
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Example. 3. For the crank shaft of the Kérting engine, treated in Example 1, 
P:=.7X27000=19000 lbs., 7 =.5 X27000=13500 lbs., and Z=.48 X27000=13000 Ibs. Then 











13500 X 23.6 
My == .125 X27 000 X 23.6 =80000 in.-Ibs. 
13000 X 23.6 
Mo Mar a4 = .120 X 27 000 X 23.6 = 76500 in.-lbs. ; 
from which My=80000? + 76 500? = 111600 in.-Ibs. ; 
also Ma=.25 X27 000 X 9.37 =63300 in.-lbs. 


Moment resulting from combination of My, and Ma is 
Mr=.35 111600 + 65111600? + 633002 = 123000 in.-Ibs. 
The maximum bending stress is therefore 


10 X 123 000 
4.738 








= 11600 lbs. per sq.in. 


Ue 


The computation carried through for the crank-pin in the dead center position, in Example 1, 
gave ob=14960 lbs. per sq.in., neglecting G, which value is about one third larger than that 
found above. 


For the crank-pin computation, as above carried out, the resolution of P: into T 
and Z is superfluous, since we can write -directly 


pe oT Pia is 
My mn m7 LAO: Pea. eae . (46a) 





The same result may be derived by simplifying the radical of eq. (46). But since 
the values of 7 and Z must be known to compute the crank webs, it is better to 
resolve P; at the outset. 

The crank arm next to the fly wheel, if called upon, as usual, to transmit the 


ZA 
entire pow er, is under compression due to the load 5 , hence the stress is 


HS SePy SoU (e BCS PIAS deo le meio aCe) 


o= 


iL 
bh 
This may, however, in most cases be neglected. The arm is further under a bending 
stress due to R., for which 


Vite eget be ein lSae wc ak tee un eed Oe) 


My, _1.44Pze 


and 7 hie Faz tbs. Wer scctiee: Tyas 16.5) Quel ee Gla eaeamecne) 
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There is also a bending stress due to 7’, for which 


Mu=1(1-) =.5 P(r) ini lbateen’ y Ge: Go 


dy’ 


_ Mey 3 P.(r—-S) 


and eae aterm rey i Per SQUi Wis ss 4c eo ec 





Lastly, there is a shearing stress due to A;, for which 





Mag = Rye=e25 Pye, ey 4 ly Be en oe ee eee 
se ae : 
and aa os Ibs. Per Sq.ine GF Se w/e) Sete Oe ee 


These various stresses combine, as on p. 168, as follows: 

In two edges of the arm, o, and g,. 

In the center of the wide side of the arm, op, and t. 

In the center of the narrow side of the arm o,, and nate 

The bending stresses oy, and the shearing stresses ct, should next be combined accord- 
ing to eq. (40), or Table 15, p. 168, into one resultant stress which must remain 
smaller than the allowable bending stress A, for the material. The elastic deforma- 
tions of the shaft due to the weight G or the reaction R,, tend to relieve the arm 
next to the wheel (see Fig. 180, p. 164), but the determination of the amount of 
stress reduction due to this cause can not be made with any certainty. 

If the power of the engine is taken off equally on both sides of the crank, a 
condition which can not be maintained with any certainty, each crank arm is subject 
to the stress caused by .5 7, so that M,, and o,, will be only one half of what they 
were before. 


Example. 4. Considering again the crank shaft treated in the previous examples, the stress 
conditions are the following: 
_ 1.44X27000X7.3. 


0b, = ST ee =4100 lbs. per sq.in.; 





8X27000(9.37 2.17) _ 
3.54 X 5.5? 








Ob2 5450 Ibs. per sq.in.; 


_1.13X27000X7.3 
3.5455 





= 3240 lbs. per sq.in. 


Combining these stresses we have: 
In two edges of the arm 4100+5450=9550 lbs. per sq.in. in tension. At the center of the 
wide side h, 4100 lbs. per sq.in. in tension and 3240 lbs. per sq.in. in shear. At the center of 


Bera ; 3.54 tired 
the narrow side b, 5450 Ibs. per sq.in. in tension and 3240 x 9 2080 Ibs. per sq.in. in shear. 


The maximum stress in this case, as in the dead center position, is found in the edge of the 
arm. By combining o» and ¢< into a resultant stress or, for each side of the arm, as per eq. (40), 
we find the maximum stress in the wide side, h =6250 lbs. per sq.in., and in the narrow side 
b=6320 lbs. per sq.in. 
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The dangerous section in the main journal transmitting the power is close to the 
outside face of the crank arm, that is, close to the junction of the crank arm with 
the shaft. If no outboard bearing is used, this section is under a bending stress due 
to Z and G, while T causes both bending and twisting. The shearing stresses due to Z 
are of minor importance and may be neglected. 

In the case of horizontal machines! the reactions R, and R,, enclose an angle 
7 =90—40=50° (see Fig. 184). The resultant of these forces may therefore be com- 
puted from the formula 





Rres. a VR? i Rox? +2 cos 7~R-Ryn, 


in place of using the triangle of forces. When 7;=40°, cos 40°=.6428, and 2 cos;= 
1.285, hence for this case 





Fres. a V Re ar Rox? — 1.285 Reker. 


Where the computation must be very accurate, however, it should be noted that the 
bending moment due to the fly-wheel in this case is 


=G(a, +1) — Roney. 
The reaction resulting from this is therefore 


G(ay4 +e,) — Roney pea 
ey ey 


a= 





lhe STge ne Ree eee) 





This, together with the reaction due to Z and T, put the journal under bending 
stress. If, instead of considering the reaction due to Z and T separately, we again 
introduce the connecting-rod pressure P;, as was done on p. 171, the resultant force 
may be easily found from the equation, 








Rres. = R2 + Re? +2 ReRy sin 7.3°=V R2+RP+.254 RsRy, . . - - (57) 
a Be : ; P; 
in which Rs stands for the reaction due to P:, and is equal to >" 
Hence the resultant bending moment is 
WS co ad eo, Cilio ted tet: Mepumtoterte? bein "el L ety prey sizer dive (57a) 
The torsional moment due to T is 
Ngee eR ey ed ye Lita vas, Ce ae. ae eee OS) 


These two moments combine to give the maximum stress in the journal. 

In eq. (57) 7.3° is the connecting-rod angle 8, at the instant of maximum turning 
moment, for which a=40°. Sin 7.3° therefore corresponds to the cosine of the angle 
between R, and R, (90+7.3°) in the force triangle. 


1 For modifications regarding vertical machines, see p. 176. 
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From the combined moment 
M,=.35 Mb yes, +.65V Me? res, + Ma’, 


we derive, as before, the maximum bending stress 





Or =a lbs. per sq.in., 
from which, for solid shafts 
10 M, : 
or =——,,— lbs. per sq.in. 


If 


The above computation is based on the assumption that the journal is called upon 
to resist the entire twisting moment 7’. This is really the case, even when the power 
is all transmitted through one journal, only under the most unfavorable circumstances, 
as, for instance, when the engine is just starting up. In normal operation, the moment 
of inertia of the fly-wheel 


2 GD; GD? 


I=2Mr,= 7 Paces ame ued eae (59) 


tends to relieve the stress in the dangerous section of the journal, so that the twisting 
moment existing at any time is the difference between 7’, and the moment due to 
the wheel. But since the shaft must meet the highest maximum stresses that can 
occur, the computation should be made with the entire twisting moment 1’. 

The middle cross-section of the journal, assuming the shaft perfectly rigid, is only 
under stress due to the twisting moment T’,, while the bending stresses due to @ 
and Z cancel each other. In any actual case, of course, perfect rigidity does not 
exist, which means that there will also be bending stresses in that cross-section of the 
journal. Owing to the uncertainty existing with reference to the magnitude of the 
moments involved, an exact determination of these bending stresses is not possible. 
The shaft, however, is safe if the journal is given a diameter throughout its entire 
length equal to that computed above for the diameter near the junction of shaft and 
crank web. 


Example. 5. Take again the crank-shaft of the previous examples. Figs. 181 and 182. 
The reactions. 
_ Pe 19000 


Rs= nr ae G 9500 lbs., and Rgr=4090 lbs. 


Since G=2640 lbs., we have from eq. (56), 


_ 2640(13.0+ 5.5) 


R 
4 5.5 


4090 = 4800 Ibs. 





Hence from eq. (57) and those following 





Rres, = V 9500? + 4800? + .254 X 9500 X 4800 = 11200 lbs.; 
Mo res, = 11200 * 5.5 =61600 in.-lbs. ; 


27000 
Ma= ss X 9.37 =126500 in.-lbs. 
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Combining Mo res, and Mua, we have 


Mr =.35 X 61600 + .65 61600? + 126 500? = 113000 in.-lbs 
From this the combined fiber stress then is 


10M, 10X113000 
dix 4,33° 











13800 lbs. per sq.in. 


Or 


In case an outboard bearing is employed, the effect of the fly-wheel weight G 
disappears as far as the section at the junction between shaft and crank arm is 
concerned, and d, depends solely upon the piston pressure P, or P;. The length of 
shaft a,+d2, between the main and outboard bearings is, however, under. stress due 
to the weight of the fly-wheel mainly, but also has to take care of whatever stress 
there may be due to the belt pull. As far as this part of the shaft is concerned, 
the influence of the turning effort on the stresses is of secondary importance as 
compared with the bending stresses due to G and the belt pull, even if the equalizing 
action that the rotating masses possess, owing to their inertia, be left out of account. 

The maximum deflection occurring at the center of the wheel seat may be 
determined from 





?+ab Cinlizeae 
8 (G+ Bab Ge) Sen I. 


in which /=a+b=distance between the middle cross-sections of the second main 
bearing and the outboard bearing [referring to Fig. 179, p. 163, l=a,+a2, a=a,, and 
b=d2, Gw is the weight in pounds of a length of shaft equal to 1, H=the modulus of 
elasticity (=30000000 for O-H steel), and J=moment of inertia of the shaft cross- 
section]. The belt pull may be directly determined from the tangential force 
required to transmit the necessary horse-power at the given peripheral speed. That is, 


(60) 


550 Nmax _ 60550 Nmax 11000 Nmnax 


P ee 
v mnDs nDs 





Heys ey erat CO 


in which N,,,x is the actual maximum brake horse-power, v the velocity of belt or 
rope in feet per second, n=r.p.m., and D,=the diameter of pulley or sheave in feet. 
In order to possess sufficient friction to transmit the load, the belt must have a 
certain initial tension 


ee tips Pst On EMEA y ce ree At aie pins (Ot) 
x—1 


so that the total pull at right angles to the shaft will be 


x+1 


AP LOS IN ea ee oe meas he eh toc? ORME REMI toy Mal 01S) 
x—-l1 





The factor x depends upon the kind of belt or rope and the surface of the pulley 
or sheave, also upon the arc of contact, i., upon the ratio of transmission. For 
leather belts and nearly equal diameter of driver and driven pulley, we may take the 
load on the shaft due to the total pull equal to 


A=6.5 to 9 P lbs. 
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Since the bending moment due to @ is vertical, while that due to A is in the 
majority of cases nearly horizontal, both are to be combined into a single resultant 
moment. The maximum total stress in the shaft length a,;+ae2 finally is that due 
to this resultant moment combined with that due to the turning moment 7’. 

It should be noted that the maximum stress in the section under discussion should 
be kept low, in order to prevent any noticeable deflections, which are sure to cause 
hot bearings and lateral vibrations of the fly-wheel rim. Further, it should not be 
forgotten that the shaft at this section is usually weakened by key-seats. 


A , ; ( below 5 
In vertical engines with crank shafts | the cylinder, P: and G@ have 
L above | 
the same direction : 4 ie ote ifavorably 
{ esa \ , which affects friction and strength conditions [untavors : 
opposite directions | | favorably } 


If no outboard bearing is employed, the bending moment, resulting from the com- 
bination of Pz and G, in the main journal transmitting the power, is 


Mo= Mast MG ok ok oe al 8 


in which the plus sign applies to vertical engines with crank shaft below the cylinder, 
and the minus sign to engines with shaft above the cylinder. The influence of G@ 
on the crank pin and the crank arms is opposite tc that above indicated, assuming 
that sonsible deflections do not occur (see Example 7 below). 

















Fig. 185.—Dimensions in Inches. 


At crank position for maximum turning effort (a=40° and #@=7.3°), the main 
journal transmitting the power will be under stress due to a force resulting from the 
combination of rod pressure P;, and fly-wheel weight G, equal to 








Rs=V R2+ R72 +2 RR, cos 7.3°=V R2 +R? + 1.984 RR. . . . (65) 


In this equation, when the shaft is above the cylinder, the plus sign applies, while 
for an engine with the shart below the cylinder (the ordinary type of vertical engine) 
the minus sign is to be used. This is contrary to eq. (64). 

The determination of the twisting moment M, and all other strength computations 
are made the same as for horizontal machines. 


Example. 6. Fig. 185 shows the crank shaft of a 50 H.P. vertical Banki engine. 
Cylinder diameter D=15.75”, stroke S=23.6’, n=135 r.p.m., pz~570 lbs. per sq.im, and G= 
6200 Ibs. On account of the unusually high explosion pressure and the rapid drop of the expan- 
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sion line of the indicator diagram, it will be safer not to determine the reaction forces, 
etc., from the general equations given, but to determine them accurately from the proper 
diagrams. 

As will be seen from Plate IV, Fig. 16, the maximum turning moment occurs much earlier 
in the stroke than is common (a=21°, 8=4.1°); the pressure on the piston at this instant 
is ~.8 P:, from which we can determine the following forces: 


Pz=570X.785 X 15.75? =110000 lbs. ; 
P:=.8X110000=88 000 lbs. ; 


sin (21 +4.1) 


T =88 000 
cos 4.1 


~37400 lbs... 


cos (21+4.1) 
cos 4.1 








Z=88 000 =80000 lbs. 


Mean piston pressure of a complete cycle, also accurately determined 
pm=40 lbs. per sq.in., so that Pm=40X.785 X 15.75? =7800 lbs. 


Bearing pressure due to G 
24.4 





18.9 
i = 62 — lbs. 
nm Ii], Rou 6 005444 18.9 680 lbs 


(a) Friction Losses: 
110000 








Kmax= 9 975210,93 1300 Ibs. per sq.in., Crank Pin; 
5X 110000 
: Kyax = S53, = 505 Ibs. per sq.in., Main Journal I; 
Maximum pressure without ee BOIS — 
reference to weight of 
gbatt orto hele pull Kmax= atts =e =555 lbs. per sq.in., Main Journal IT; 
K aoe = 37 lbs. per sq.in., Outboard Journal III 
ES 5 ARIS A weer 
Km= gpa 92 Ibs. per sq.in., Crank Pin; 
nO = 37.0 lbs. per sq.in., Main Journal I; 
i 7.88 X 13.4 
Mean pressure for complete 
cycle, 
Kn= oo a = 00.5 Ibs. per sq.in., Main Journal II; 
Km ae) =37 lbs. per sq.in., Outboard Journal IIT. 


~ 5.45 X13.4 
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Circumferential speed v and work of friction Kmv: 








Crank Pin, oe 4.88 ft. per sec. 
Main Journal I, 4.07 ft. per sec. 
Main Journal II, ee = 4.067 ft. per sec. 
Outboard Bearing III, a8. ft. per sec. 


(b) Strength Computations. Dead Center Position: 


110000 x 35.4 
4 





Crank pin: Mp= 





968 000 in.-lbs., 


18.27 


; Kmv=92 X4.88=450 ft.-lbs. per sec. 
; Kmv=37 X4.67=173 ft.-lbs. per sec. 


; Kmv=69.5 X4.67 =326 ft.-lbs. per sec. 


; Kmv=37 X3.17=120 ft.-lbs. per sec. 


ee =17200 lbs. per sq.in. 


On account of the very high explosion load, it is well to check the pin for shearing stress. 
This is in this case equal to 


_ .5X110000x4 
53.8X 3 





= 1360 lbs. per sq.in. 


The combined stress therefore is 





Or = .35 X17200+.65V 17 200? +4 X 1360? = 17350 Ibs. per sq.in. 


Since without t, o» was 17200 lbs. per sq.in., it is evident from the above that even in this 
case the shearing stress in the pin may be neglected. 


5X 110000 


Crank : 15.3X4.53 
rank arms 15.3 X4.538 


Compressive stress g= =800 lbs. per sq.in.; 


__ 5680006 


=. 32= ibe ES us 
Mv=.5X110000 X 10.82 =568000 in.-Ibs., a 4537x153 10800 Ibs. per sq.in 


o +0b=800+10800=11600 Ibs. per sq.in. 


Junction of Main Journals I and II with the Crank Arms: 


445 000 X 10 


Mb=.5 X 110000 X8.08 = 445 000 in.-lbs., 7.388 
ie 


0b= 





= 9100 lbs. per sq.in. 


Shearing stress t may be neglected, as above. 
Position of Maximum Turning Moment (a =21°). 


Crank Pin: The simplest way is to determine the bending stress from P; (instead of 7 
and Z). Then we shall have 


_ 88000 35.4 


_ 78000010 
- z 


M 780000 x 10 
2 8.273 





= 780000 in.-lbs., ob 


=13800 lbs. per sq.in. 
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From the turning effort 7 we have 


37400 
Ma= aaoL X11.8=221000 in.-lbs., t= Se =1940 lbs. per sq.in. 


Combining o» and t, we have 
6r=15 740 lbs. per sq.in., 


which is considerably smaller than the stress at the inner dead center position. 


Crank arm transmitting the load: 

















From Rz: Mo, = X 10.82 =414000 in.-lbs., 0b; = tae =7900 lbs. per sq.in. 
From 7’: Mo,=37 400 (1 es S) = 295000 in.-lbs., ab» - aa = 1200 lbs. per sq.in. 
From R:: i pene x 10.32 =192000 in.-lbs., rar eas 9750 Ibs. per sq.in, 
From = : Shear t : Xx ieee 3 =405 lbs. per sq.in. 


From the above the combined stresses are: 


Center of wide side of arm: 


0b; =7900 Ibs. per sq.in., tr=2750+405 =3155 Ibs. per sq.in., 


from which or = 9300 lbs. per sq.in 
Center of narrow side of arm: 
: 4.53\? ; 
0b2= 1200 lbs. per sq.in., tr= 2750 X i153 +405?=910 Ibs. per sq.in., 


from which or = 1830 lbs.per sq.in. 
In the edge of the arm: 


ob = 7900+ 1200=9100 Ibs. per sq.in., t=405 lbs. per sq.in., 
from which or = 9180 Ibs. per sq.in. 


Here again the stress is less than at the dead center position of the crank. 


Main Journal transmitting the Load: 





Mo= = 8.08 = 355 000 in.-lbs., 0b= sara ED = 7260 lbs. per sq.in.3 
Ma=37400X11.8=440000in.Ibs, t= a = FOU bes per caae 


Combining these gives 
or = 10100 lbs. per sq.in., 


which is greater than the stress found for the same section in the dead center position. This 
example shows, as was stated at the outset, that the crank pin and the crank arms receive their 
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maximum stress through the load P:, while the maximum stress in the main journal transmitting 
the power is due to the moment 7’. 


In vertical as well as in horizontal machines, the stresses occurring in the shaft 
are favorably or unfavorably affected by the elastic deformations of the shaft under 
load, depending upon whether the slope of the elastic curve is directed against or 
with the lines of action of the external forces. In general, the change is to make the 
real stresses less than those computed above on the assumptions set forth. This is espe- 
cially true for those parts of the shaft where the maximum stresses may be expected to 
occur, that is, in the crank pin and the crank arm and main journal transmitting the 
load. The method used in the above computations therefore combines simplicity with 
great safety. The exact determination of the various stresses involved in the crank- 
shafts, taking into account the influence of deformation in the material, is quite 
complicated, and is therefore made only in very important cases as a check. The 
main advantage of such an investigation is that it gives more exact information as 
to the real pressures on the main bearings than it is possible to obtain with the 
simple but more usual method. 

The approximate shape assumed by the elastic curve of a crank-shaft at the 
moment of explosion is shown, much exaggerated, in Fig. 187. 










UN eapiire ib 
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Figs. 186 and 187.—Dimensions in Inches. 


Example. 7. Figs. 186 and 187 show the crank-shaft of a 100 H.P. vertical -Giildner engine. 
Maximum piston pressure is approximately 125000 lbs., weight of fly-wheel is about 12300 lbs., 
the belt pulley is about 220 lbs. From these weights we may derive the maximum stresses in the 
dangerous sections of the shaft as follows: 























TABLE 16 
Dead Center Position. Crank Position a=35°. 
Crank Crank Middle | Crank Crank Middle | Seat of 
Pin. Arm Under! Bearing. Pin. Arm Under Bearing. Fly-wheel. 
Load. | Load. j 
Principal stresses, lbs. per sq.in., | 
according to | | 
(a) Simplified method ....... | 16 300 10 850 8100 10 500 6950 10 250 

(6) Strict method(se.. 225... - ' 14 400 8 800 4850 | 9250 6100 | 8 400 5550 

| | | 
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In the above table the values in line (a) were computed by use of the simplified method 
above developed, while the values of line (b) are based on principles laid down in the well- 
known thesis! of Ensslin. 

The latter also furnishes the following values for the maximum deflection at the mcment 

















: ; f é 1 1 sa nal Be 
of maximum turning effort (a@=35°): Slope acre : Pu=7570) greatest deflection in the shaft 
“ ‘ 
next to the seat of the fly-wheel is less than .012 in. 
The friction losses in this shaft are as follows: 
TABLE 17 
Journal. 
Crank Pin. 
I II | III | 

Maximum pressure, Amax, lbs. per sq.in. .... some! 427 | 423 Via eee, 1340 
Mean pressure, Km, lbs. per sq.in.......... eee 47 98 48 | 146.5 
Circumferential speed, v, ft. per sec. . ... Laan 6.28 6202 4.95 6.57 
Workot friction, Agynv; 1t.-lbs. pe> sec... ...0....5. 296 620 238 960 











The design of multiple-throw crank-shafts may be based on the methods of computa- 
tion already developed. Since the maximum turning moment 7’r, for each crank always 
occurs within the first one fifth of the expansion stroke, no two T,,,, can occur at 
the same time for any of the multicylinder combinations now used. For that reason 
the diameter of the shaft may in this case also be computed on the basis of one 
Tax?) 48 in the previous instances. As for the rest of the dimensions, the greater 
free length of shaft (due to greater distances between bearings) cause greater bending 
stresses (due to P, in the dead center position), which call for a corresponding increase 
in the dimensions. In the case of engines having four or more cylinders, the phases 
of the cycles in the various cylinders should be so arranged that, in any pair of 
cylinders having cranks 180° apart, expansion does not occur in one cylinder while 
compression takes place in the other. If this point is neglected it may happen 
that the turning mcment due to the explosion in cne cylinder is accompanied 
by the resisting moment of the compression in the other, which puts the intervening 
crank arm under stresses quite possibly excessive. The phases in the various cylinders 
of a four-cylinder machine, for instance, should be arranged as indicated in Fig. 188. 
The crank arrangement shown there is also the most favorable as regards balancing. 
The inclined position of the middle crank arm must be regarded as a make-shift only 
to which recourse must be had when the cylinders are so close together that there is 
no room for a bearing between them. In general this construction should be avoided, 
because the inclined arms are subject to the action of additional forces which seriously 
increase the stresses occurring, besides complicating the method of computation. The 
following example furnishes evidence regarding these points: 


Example. Figs. 188 and 189 show the dimensions of the crank-shaft of a 4-cylinder 
4-cycle marine engine whose cylinder diameter =9.85’’; stroke =12.55’’; and r.p.m.=350. Taking 
the explosion pressure at 356 Ibs. per sq.in., the load on each crank will be P:=356X.785 X 9.85? 





‘Max Ensslin, Mehrmals gelagerte Kurbelwe!len mit einfacher und doppelter Krépfung, Stuttgart, 
1902. 
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~27000 Ibs., P:=.7X27000~18000 lbs., the maximum tangential force 7 =.527000=13500 
Ibs., and the radial pressure Z=.47X27000=12700 lbs. The weight of the light fly-wheel may 
be neglected. Assume that the second cylinder from the left is just exploding. Since the shaft 
is symmetrical on both sides of the middle line only one half needs to be checked. 
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Fras. 188 and 189.—Dimensions in Inches 


Crank Pin. Jn dead center position: Reactions due to Pz 


_ 27000X 16.1 


In bearing I, Ai= = 11500 lbs. 





SiG 
2 21. 
In bearing I, ARu= oo 6 _ 15500 lbs. 
37.0 
Bending Moment on the Crank Pin: 
250.000 


My=15500X 16.1 =11500 X 21.6 = 250000 in.-lbs,, Ob ,=15 100 Ibs. per sq.in. 


ASCE 


Crank Position, a=40°. The connecting-rod force P: causes a reaction in bearing II equal to 


18000 X 21.6 
=10300 lbs. 
Ru 37.8 10300 Ibs 








In this position, therefore, the crank pin is under the following stresses: 








166 000 ‘ 
Bending due to Ru: My=10300X16.1=166000 in-lbs. oo= Po gs 9800 Ibs. per sq.in. 
: oe ' 48700 : 
Torsion due to Ri: Ma=7750X6.3=487 000 in.-lbs., T= OR BS 1440 lbs. per sq.in. 


Combining op and t, the resulting maximum stress is or =10100 Ibs. per sq.in. 


Crank Arm Transmitting Load. Dead Center Position. In this position the arm is under 
stress due to Rr or Ru only. Hence 


186000 X6 


are ryi wa 600 Ibs. per sq.in. 


Mp =15500X11.90=186000 in.-lbs., Ob 
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Crank Position a=40°: The reactions due to T and Z furnish the following stresses: 


_ 870006 


Bending due to Rz: Mp, =7280X 11.90 = 87000 in.-lbs., C= a3 OF = 8700 lbs. per sq-in. 


48000 x6 
3.0X 6.7? 


5 


: 5. 
Bending due to 7: Mp,=13500 (02 ) =48000 in.-lbs.,  o.= = 2170 lbs. per sq.in. 


a 


93.000 


Torsion due to Ry: Ma=775011.90 = 93000 in.-lbs., = i 
T 3 X6.7X3.02 7000 Ibs. per sq.in. 








Hence using Table 15, p. 168, we shall have the following combined stresses: 


In the wide side of the arm 


From o,=8700 Ibs. per sq.in., and 7=7000 lbs. per sq.in., o,=18800 lbs. per sq..n. 


In the narrow side of the arm 
: 3.0 
From ob,=2170 lbs. per sq.in., and t= 1000 X Foz = 3130 lbs. per sq.in., o,=4900 lbs. per sq.in. 


In the edges of the arm 
Ob = Ob; + Ob2 = 8700 + 2170 = 10870 Ibs. per sq.in. 


4 

Again the maximum stress is considerably less in this position than in the dead center 
position. 

The same method of computation would be applicable to the intermediate crank arm, if it 
had its normal position at right angles to the axis of 
the shaft. For the inclined arm, on the other hand, the 


method is as follows: 
Intermediate Arm. Dead Center Position. The first 
step is to resolve the reactions at the bearings due to Pz 


into components parallel and at right angles to the é OO\ ae ——— 
50) 
x 


a (£700LBS 


center line of the inclined arm: This is most easily 
done graphically by means of the force polygon. Fig. \ 






190 shows the method and needs no further explanation. ) 
It is sufficient also in this case to confine the computa- \ 
tions to one of the arms. The dangerous sections to be % 
considered are those at x-x and at y-y. \ 
The moments acting on the former section are: 


M’y, =14700 X 20.8 =306 000 in.-lbs. Fic. 190.—Dimensions in Inches. 


Opposed to this moment, however, is that due to the component of Pz at the crank pin, 
which is 
M’v, =25 400 X 3.55 = 90000 in.-Ibs. 


Hence the net moment is 
Mv, =206 000 —90000 = 216 000 in.-lbs. 
A second pair of moments acting on this section are 
Me, =9200 X 11.8 = 109 000 in.-lbs., 


and M’»,=5300X11 = 58000 in.-lbs. 
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These again are opposed to each other, and the net moment is 


M»,= 109 000 —58 000 = 51 000 in.-lbs. 


Now Mo», and Mp, also act in opposite directions, so that the net effective moment on 2-2 
finally is , 
Mv = 216000 —51000=165 000 in.-lbs. 


The section modulus of the cross-section a—-z, referred to the wide side of the arm as the 
base, is in this case {6.7 X3.82?=16.1 in‘, so that the maximum stress in this section is 
165000 
+ Rieet 





Ob = 10200 Ibs. per sq.in. 


Taking next the section y-y, we find the following: 
Moment M’}, =14700 X 20.8 = 306000 in.-lbs 
Moment M’p,= 25400 3.55 =90000 in.-lbs. 


Net moment M),=306000 —90000= 216000 in.-lbs. 
Further 
Moment M’,, =9200 X 3.94=35 000 in.-lbs. 


Moment M’’p,=5300 X 3.15 =16500 in.-lbs. 
Net moment J76,=19500 in.-lbs. 


Hence net effective moment is 
Mp = 216000 —19500= 195.500 in.-lbs. 
Since the section modulus remains the same, the maximum stress in the section y-y is 


196500 
16.1 





Ob= = 12200 lbs. per sq.in., 


which is considerably greater than the stress in x-w. 

Crank Position «=40°. For this the reactions due to 7’ and Z are determined, and resolved 
into components parallel with and at right angles to the crank arm under discussion as above. 
The stresses resulting from these various forces are less than those shown above for the dead 
center position, aS was proven by computation. For this reason the figures are not repeated 
here. 

Main Journal. The computations for the main journal are made as previously outlined and 
offer nothing new. 


Designs of Crank-shafts. 











114.2 — a 


G~/68000Lbs, 


LL 














Fias. 191 and 192.—Dimensions in Inches, 
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Figs. 191 and 192. Crank-shaft of a single-acting blast-furnace gas engine. D=52”, S= 
55.2”, n=90r.p.m. Weight of fly-wheel about 168000 lbs., of the shaft, including counter- 
weights, 48400 lbs. Explosion pressure normally 25 atm.=356 ibs. per sq.in. 

The checking through of this shaft gives the following results: Maximum bearing pressure 
on the crank pin, Kmax=1100 lbs. per sq.in.; in each of the bearings I and II, Ky,<=460 lbs. 
per sq.in. Maximum pressure in the bearings due to the weight of fly-wheel and shaft, in 
bearing I, K=17.8 lbs. per sq.in.; in bearing II, K=135 lbs. per sq.in., and in bearing III, 
K=106 lbs. per sq.in. The mean piston pressure, Pm=106000 lbs., is distributed as follows: on 
: 106 000 Late : f 
the crank pin, K =~-—~——=152 lbs. per sq.in., in each of the bearings I and II, K=6..2 lbs. 
per sq.in. From these figures the average bearing pressures for one complete cycle are: for the 
erank pin K=152 lbs. per sq.in.; for bearing 1, K=17.8+63.2=81.0 lbs. per sq.in.; for bearing II, 
K=135+63.2=198.2 lbs. per sq.in., and for the outboard bearing III, K=106 lbs. per sq.in. Per- 
ipheral speed of the crank pin is v=9.84 ft. per sec., of each of the three bearings, v=7.8 ft. per 
sec. Finally, the friction work for the various bearings is: for the crank pin Kv=152X9.84=1485 
ft.-Ibs. per sec.; for bearing I, Ky=817.8=632 ft.-lbs. per sec.; for beariag li, Ku=198.2 X7.8=1550 
ft.-Ibs. per sec., and for bearing III, Kv=106X7.8=826 ft.-lbs. per sec. 

The following table shows the stresses computed on the basis of the method developed 
on p. 164, ete. 


Dead Center Position: 


ob =13100 lbs. per sq.in., crank pin; 

ob= 9100 lbs. per sq.in., second crank arm; 

cr= 6050 Ibs. per sq.in., second main journal. 
For the position of maximum turning eitort (@=40°): 

or= 9800 ivs. per sq.in., crank pin; 

Or= 0830 lbs. per sq.in., second crank arm; 


or= 7450 Ios. per sq-in., second main journal. 


he maximum deflection of that part of the shaft carrying the wheel is in this case less than 
C006”. 
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{Fias, 193 and 194.—Dimensions in Inches. 


Figs. 193 and 194. Crank-shaft of a double-acting two-cylinder 4-cycle engine. | DD 25e20e 
S=30.7", and n=150r.p.m. The assu ned, unit explosion pressure of 356 Ibs. per sq.in. shows a 
maximum bearing pressure on the craik pin of 1160 Ibs. per sq.in., and on the main journal of 
384 lbs. per sq.in. Since the weight of fly-wheel is not given, a complete examination of this 


shaft cannot be made. 
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Figs. 195 and 196: Triple-throw crank-shaft of a six-cylinder single-acting marine engine 
(Loutzki). Normal rating 300 H.P. Assuming pz=356 lbs. per sq.in., we find the maximum 
bearing pressure for the crank pin=1240 lbs. per sq.in.; for the inner main bearing it is 850 lbs. 
per sq.in. The velocity of rubbing is, in the one case, 10.8 ft. per sec.; in the other, 10.3 ft. per sec. 
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Fies._195 and 196.—Dimensions in Inches. 


The design of the crank mechanism must finally take into account the question of 
balancing. This is especially important in the case of high-speed engines, or those for 
which sufficiently rigid foundations cannot be had. ‘The forces to be balanced are (a) 
those due to the centrifugal effect of the crank arms and that part of the connecting- 
rod considered as a rotating mass, and (b) those due to the inertia pressure (see 
p. 156) of the reciprocating parts. The latter force acts in the direction of the ~ 
center line of the cylinder. There is no difficulty encountered in exactly balancing the 
effect of the rotating weights (a) by. other rotating weights having the same static 
moment. The reciprocating parts (b) of weight G: pounds, applied at the crank radius r 
(see p. 156), require for perfect balancing a counterweight Gs, applied at an arm 7, 
and diametrically opposed to Gi, such that Gir=Grj. 

The counterweight G, (assuming the connecting rod of infinite length) causes a 
centrifugal force equal to 
__ .031 Gav? 


les 


Cc == (00034 Gefin@)Mosi 2 5, ah nk a 


Of this force the component acting in the direction of the cylinder axis for any given 
crank angle q@ is 
Cy=C cos a = (.00034 Geri? cosa) Ibs. s5 .- | 


This force balances the inertia effect due to G: The second component of C, that at 
right angles to the axis of the cylinder, is 


Cs=C sin a = (00034 Girin*'sitt @) 1Ds..- 7. a ee 


This force, C2, in the case of horizontal machines, is taken up directly by the founda- 
tion, but in vertical machines its action across the frame may set up serious vibrations. For 
this reason it is usual in stationary vertical machines to balance only the rotating parts when 
any balancing is done at all. The axial inertia forces in vertical machines really compel the 
use of balance weights only when the effect of these forces approaches the weight of the 
engine. The weight of stationary vertical machines is usually from 100 to 150 lbs. per sq.in. of 
piston and that of high-speed auto-engines from 3 to 12 lbs. Hence the inertia forces are 
always less than the weight of the stationary vertical engines, but for the automobile engines 
the reverse is usually the case. Now since the body of automobiles is much more strongly 
affected by vertical than by horizontal forces as regards vibration, it pays, in the case of 
vertical auto-engines, to completely balance both the rotating and the reciprocating masses, 
irrespective of the action of the lateral force C2. 
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Some designers of automobile engines use the following empirical formula, taken, as far 
as the author is aware, from French automobile practice’ 





DSA oo) Otves eee Ral > «carer mmeeren( OS) 


In this formula P,+P,;=P=the weight of the connecting-rod, K=the weight of the 
piston. P, is the weight of the crank pin end of the rod determined when the rod is 
supported on a knife-edge at a distance equal to one third of the rod length from the 
crank-pin end. P,;=P—P, is the remainder of the rod weight. It is said that 
vertical single-cylinder engines are nearly perfectly balanced if the counterweights are 
determined according to this formula. 


Example. A six horse-power automobile engine has a cylinder diameter equal to 4.33”, 
stroke=4.73”; n=1200r.p.m. The weight of the connecting rod=P,+P;=3.88 lbs.; of the 
piston is 5.08 lbs. Supporting the rod, on narrow side, upon a knife-edge one third of the 
distance from the crank-pin center, and resting the crank-pin end on scales, the weight shown 
is Py=2.16 lbs. Hence P;=3.88 —2.16=1.72 lbs. counterweight, if applied at an arm equal to 
the crank radius, should therefore weigh 


1.72+5.0 
G.=2.1640 °° 5 3.86 Ibs. 


The correctness of this computation was checked very closely by supporting the engine shaft on 
knife-edges. 


A theoretically perfect balancing of the inertia forces is rendered impossible by the 
finite length of the rod. This causes an unequal distribution of these forces over the 
two halves of the stroke, while the action of the transverse component due to the 
counterweight is always symmetrical. Taking the best case, i.e., when Guw=Gsri, the 
amount of vibration in a machine balanced to this extent compared to that found in a 
machine entirely unbalanced may be expressed by the relation r (147). With = 


as an average case, there would then still remain a force equal to ¥0,= 10 If, on 
5 


the other hand, the static moment of the counterweight is only mG, in which of 
course m<1, the above relation is rendered less favorable according to the ratio 


r r 

(: -m+7) fe 

If possible the counterweights should be placed in the planes of the crank arms. 
Counterweights in the fly-wheel cause additional twisting forces, because they are out 
of the plane of the rotating and reciprocating masses, and their use should be avoided, 
especially in case no outboard bearing is used. The room available between the main 
bearings is usually insufficient to admit of counterweights large enough to completely 
balance the reciprocating parts. It is usual therefore in vertical engines to balance only 
the crank arms and that part of the rod considered as rotating. In horizontal engines, 
also, the reciprocating parts are balanced as far as possible; in most cases, however, 
only about one half the weight necessary for this can be placed as indicated.? 





‘Compare Radinger, Schnell-laufende Dampfmaschinen. 
*See also p. 156. 
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VI. Connecting=rods 


Material. For the body of the rod usually soft steel; for the larger engines the 
use of cast steel is on the increase, while for the cheaper grade of small machines 
malleable iron is sometimes employed. Crank-pin bearings, when the pin diameter 
exceeds say 5’’, are usually of cast iron or cast steel lined with white metal. For the 
crank-pin bearings of smaller engines and for the wrist-pin bearing the use of bronze 
is nearly universal. 

In computations regarding the strength of the rod body considered as a long 
column, the usual factor of safety is 6=20. 

Crank-shafts for internal-combustion engines in most cases admit of two part 
crank-pin bearings only. Among these the so-called marine type of bearing seems to be 
the best adapted; the strap or stirrup type, on account of its lack of sufficient rigidity, 
should be used for the smaller sizes of engines only. For smaller rods the crank-pin 
bearing is also often made as a separate piece, the material being bronze, cast steel or 
cast iron (Figs. 197-200 and 205-206). One-piece construction of crank-pin bearing 
and rod body (see Figs 201-204 and 207-224), however, is to be preferred for the 
larger engines, because this arrangement assures greater stiffness and relieves the bolts 
of the inertia forces acting at right angles to the path of the rod. The wrist or 
piston -pin bearing is usually a solid head with bronze steps. White metal linings 
have usually not proven themselves well adapted for service in this end of the rod. 
Their application, however, is not entirely without promise of success, since of late 
years the piston-pin bearings of some of the large gas engines are lined with white 
metal and have so far given no trouble. In many of the smaller engines the wrist-pin 
bearing is designed without any arrangement for taking up wear, the bearing being 
simply a solid head with a bronze or hardened steel bushing. Rods with forked \wrist- 
pin ends, Figs. 217-224, are used in connection with cross-heads only. In the larger 
sizes of trunk piston, the wear in the wrist-pin bearing should be taken up by drawing up 
that half of the bearing not under load, that is, the inner half. Owing to the lack of 
room, however, and the general inaccessibility of this bearing, this procedure is not 
easy with the usual methods of construction. Special constructions with this aim in 
view are shown in Figs. 225-229. In these the inner step may be drawn up by adjusting 
the bolt in front of the pin. Connecting rods with separate crank-pin heads may be so 
made that the rod length may be varied in order to change the compression, Figs. 
197-200 or 205-206. This is of special advantage in experimental machines. 


Design of Connecting Rods. 


Fies. 197-200.—Connecting Rod 
for Giildner 2-cycle Engine, 
Fig. 35, p. 86. 








(Body of rod cylindrical, as 
as it passes through a stuffing 
box. The brass crank-pin bear- 








ing is merely clamped on the 
rod body in order to be able to 
adjust the length of the rod or 
the size of the clearance space.) 
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Fies. 201-204.—Connecting Rod for a 6 H.P. Banki Fias. 205 and 206.—Crank-pin End 
Engine. of Connecting Rod for a 40-50 

(With reference to mass-production and cost of manu- H.P. Hornsby-Akroyd Engine. 
facture, the rod body is made practically rectangular. (Plates a are used to adjust the 
The wide sides of the rod are either planed or milled, length of the rod, and con-equently 
the narrow sides are milled, no lathe work being done.) also the compression space, to suit 


the kind of oil used.) 
































Figs. 207-209.—Connecting Rod for a 20 H P. Baénki Engine (using water injection). Built by Ganz & 
Co., Budapest. 
(Standard construction for rods for all of the larger engines ) 


Cast Steel 












































Sectiona-b _—-|SectionC- 





‘Fics. 210-216.—Connecting Rod for 100 H.P. Giildner Engine (D=18.75", S=27.5”). 
(The rod body is cast steel, the crank-pin bearing cast iron lined with white metal, the wrist-pin 
bearing is bronze.) 
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Figs. 219-224.—Connecting Rod for a Large Gas Engine with Cross Head. 


P. 
(Concerning the forces — P; and Pp, seep 193.) 
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Fies. 225 and 226.—Wrist Pin End of Fics. 227-229.—Wrist Pin End of Connecting 
Connecting Rod. Rod. 
(The cover plates a-a surround the inner, (The bearing is in two parts, block a and wedge b are 
unloaded half of the bearing, which may be drawn located in that part of the bearing not under load.) 
up by wedge b. Plates aare pressed firmly against 


the sides of the head by means of the wedge 
screws and are thus held in position.) 190 
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Constructive Details. The strength computations mainly concern themselves with 
designing the rod body as a long column safe. against failure under the load P,. Care 
should be taken, however, to see that-the crushing stress in the smallest rod section 
does not exceed the safe limit. The bending stress resulting from the friction in the 
bearings and the weight of the rod may be neglected (see Example, p. 193). In large 
engines with high rotative speed, the inertia forces in the plane of the rod cause 
additional bending stresses which should be computed. 

The general long-column formula of Euler (for a round-ended column) is 


Pymn2ty Ibs. Goreakinouloscl) emer ee ee tet be ac se be oe ee 


Putting #=30000000 lbs. per sq.in., the smallest moment of inertia of the rod body 
for the explosion load P, must be 
6P,L* —" 
Sr abeck Da 347) 
a0000000 wt tt (1a) 
where G=factor of safety. 
Placing 6 at 20, we have from eq. (1) the allowable load on the rod 





Py = XO OX ~ 15000000 Hes Peete Suh ED) 
For a circular cross-section 
zd* 
I = Gi. 


Hence, for a round rod, the required mean diameter of the body is 





4{ 64P.12 4] P.1? 


fe Nasir Nets Ge Se ®) 





From this, with p,=356 Ibs. per sq.in., and P:=280 D?, for the standard diagram, we 
finally have 
272 

dm=\\an= ses SS EAL aiat Ss ae ae Nr 
Toward the wrist pin the diameter decreases to from .7 to .75dmn; toward the crank 
pin it increases, depending upon the requirements of the crank-pin bearing; if necessary, 
the width required for the bearing at this end may be obtained by flattening the rod 
laterally (see Figs. 207-209). 

For a rectangular rod cf mean height h and width b, the moment of inertia 
(still considering the rod as a pin-ended column, that is, failure occurring in the plane 
of the rod) is 

I =7'5 hd. 
Hence for this case 


p 7230000000 hb 1250000 hb 
Ree eee ere Cree rk) 
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The value of A is Usually=1.7 to 26, Substituting in (4), h= 1.85, and solving for }, 


| 9 
a P.L? ‘ 
b= \zxen 900 tte of flee yo, be <0 Ua) a) We 


or, for the standard diagram, 


4/ D202 povane 
otis % 
28 400 1 ee I ame (5n) 


In the usual constructions 6 is kept constant throughout the length of the rod. The 
factor of safety used, G=20, is a little smaller than is commonly employed in 
stationary steam-engine practice, but is quite safe. Mven a further reduction of 6 is 
permissible, since the maximum load P, acts for a very short time only, which tends 
to prevent serious deformation, For the connecting-rods of small high-speed engines 6 
is sometimes decreased to 5, to keep the inertia forces of the rod down to the lowest 
practicable limit. 

The maximum bending moment, in the plane of the motion of the rod, caused by 
the inertia forees is, according to Bach, 


My = O00002n*rA yD ini-los;; 9. 4, Ck 1 


and the resulting stress therefore is 


9 


L? ‘ 
oh 0000020? nA 7 Ibs. persq.im, . se © 6. 90 ee 


In these equations 


n=revolutions per minute; 

reradius of erank in inches: 

A=area of mean section of rod in square inches; 

y= weight of rod material in pounds per eubie inch; and 
L=length of rod in inches, 


Putting W= tbh? we shall have as a special equation applying to rectangular rods, 


L? 
% O000T2n?r Ape 
or sinee A=bdh, 


» 


a 0000122 ry, PR el eee 


Now the requirement is that 
’ 


A 


Oy + %+a5 Ko, 


hence, for the case of the rectangular rod, 


) 2 
Kez L00001L2n2ry |= Ibs, per sq.imis «4 sw 


GENERAL ENGINE PARTS. 193 


The moment of inertia of the J section commonly employed for cast-steel rod bodies is 


BH? — bh ‘ ‘ Ay bate js 
(aera rama In rods of this section the material is utilized to better advantage than 


is the case in round or rectangular rods, and these rods are consequently lighter. For 
cast steel, # may be taken at an average equal to 31000000. 


Example. Engine dimensions are D=37.5’, S=51.3”, n=125 r.p.m. Here 


: 
Pz=280X37.57=396000 lbs, and -Z is taken at 5r=5 ae Ste 


For a round rod: 


4 1396 000 128? 














n = 9.7" ~92"", 
‘a 788000 
For’a rectangular rod, mean thickness: 

p= 4 [396000 128? oar sg 


7 950 000 


The mean height of the rod then is 
h=1.85 X5.37=9.93”" ~10”. 


In the case of the round rod the area of the mean section is 74.57 sq.in., for the rectan- 
gular rod it is 53.7 sq.in., which shows that for the same service the latter type of rod is 
somewhat lighter than the former. The inertia forces cause a bending stress in the rod of 


128? 
ob = .000012 X 125? X 25.6 X .29 x0 = 2300 lbs. per 3q.in. 


This stress is considerable, but the stress does not exceed the allowable, for since 


396 000 


o= 5.3710 = 7400 lbs. per sq.in., Omax = 0 + 0b = 7400+ 2300 =9700 Ibs. per sq.in. < Ko. 


The forked wrist-pin ends of connecting rods, Figs. 217-224, receive their greatest 
stresses in the section w—-« or y-y. In the first of these we have the crushing stress z 


5) IP. 
aia 
and the bending moment 
Mo=.5 P2e. 


In the section y-y we have the shearing force Ps, the twisting force Pn, and the 
bending moment M,=.5P.z. These separate stresses thus appearing are to be 
combined as previously shown. 
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In single-acting engines the caps and bolts of the connecting-rod bearing are only 
under the load due to inertia of the reciprocating parts and the friction of piston and 
cross-head. This load in stationary engines does not usually exceed 10 lbs per sq.in. of 
piston. -As far as the cap is concerned, therefore, the size required to hold the bearings 
is of more importance than the stresses it has to resist. It is also necessary to make 
the diameter of the bolts greater than this comparatively small load calls for, in order 
to compensate for any stress due to the strong drawing up required and to allow for 
the inertia effect of the rod ‘in its plane of motion. Weak- crank-pin cap bolts are a 
very serious danger during operation, and this particular machine part calls for ample 
dimensions as well as for care in the selection of material and in manufacture. (Soft 
O-H steel, no sharp grooves or corners, smallest bolt cross-section outside of thread, 
safety against working loose, etc.) In double-acting engines of course both the 
connecting-rod bolts and the crank-pin cap must be designed for the maximum piston 
load P;. 


VII. Valves 


Material. For valve cages, or valve seats, hard close-grained cast iron; for valve 
disks mostly medium carbon steel or nickel steel; for small automatic valves sometimes 
also soft steel; large valves, especially those water-cooled, are made with cast-iron disks. 
and stems of medium carbon steel. 

The allowable stress in valve disks should be very low on account of high tempera- 
ture, to guard against warping, and to furnish material for re-grinding. Numerical 
data is given in the computations to follow. 

The valves of the working cylinders of gas engines of to-day are exclusively of 
the poppet type. The inlet valves may be automatic, but the exhaust valves must be 
mechanically operated. Slide valves, on account of the usual high explosion pressure 
and temperatures, can only be used in places where their dimensions are small and 
their stroke short, as ignition or starting valves, for instance. 
For any other purpose they are obsolete. For all important. 
valves in regular and continuous operation, the vertical form 
of valve should be used. Horizontal valves are much more 
liable to leakage, sticking, and other interruptions of regular 
operation and are not reliable especially when automatic. If 
the use of the horizontal form is unavoidable, make the disk 
as light, the guide as long, and the lift of the valve as 
short as possible. And generally, in the case of horizontal 
valves, flat seats are better than the usual conical seat of poppet 
valves. 

Automatic inlet valves are applicable to small and comparatively slow-speed engines 
only. At the higher speeds the accompanying noise becomes very annoying, the wear 
is increased very seriously, and the volumetric efficiency is low. For these reasons 
mechanically operated inlet valves have of late years been used even in small auto- 
engines. In the larger machines the use of the automatic inlet valve is prohibited 
alike by decreased economy and capacity and by general unreliability in operation. 

The weak point of all automatic valves is rapid wear of the disk and lability to frac- 





Fries. 230 and 231. 
Fastening of Spring Plate. 
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ture. With this type of valve, screw fastenings are almost useless, and consequently 
the spring plates and other parts, in order to stay in place for any length of time, 
must either be pinned or keyed in (see Figs. 230 and 231), or they must be in one 
piece with the stem. The breaking away of the disk from the stem may, in the case 
of vertical engines whose valves are placed in the head directly over the ‘piston, 
become positively dangerous, and safety appliances for the catching of loose disks 
should therefore be provided in such cases. 

It is advantageous to “place the exhaust valve disk in a water-cooied valve housing, 
or in the water-cooled cylinder head, so that the valve can be cooled by the jacket 
direct. When separate uncooled valve seats, as bushings or cages, are employed the 
proper cooling of the valve disk is much more difficult. In single-acting horizontal 
machines, the inlet valve should, if possible, be placed directly over the exhaust valve, 
because the incoming new mixture will help to keep the exhaust valve cool, and the 
inlet valve works easier if opening downward. Since the exhaust valve disk at the 
moment of opening the valve is loaded with from 30-60 lbs. per sq.in., the reaction 
upon the valve gear when large valves are used may be quite serious. To avoid this 
difficulty, double-seated valves have been devised which are partially balanced either 
by the pressure of the exhaust gases themselves or by compressed air furnished for 
the purpose. To gain the same end, two valves instead of one are sometimes employed. 
Another scheme is to use one valve and an auxiliary exhaust port. When two valves 
are used, one should open a little ahead of the second for the purpose of relieving it. 
For the same reason, in case the auxiliary port is used, the piston should start to 
uncover this before the exhaust valve begins to open. By means of this preliminary 
exhaust the exhaust gases of highest pressure and temperature are discharged in a very 
satisfactory way, leaving nothing but low pressure, and hence comparatively cool gas, 
for the exhaust valve to handle. 

The exhaust gases, owing to their high temperature, have a very serious effect 
upon the valve disk, proper lubrication is very difficult, and hence above a certain 
size, say 100 H.P., direct water cooling of the disk must be resorted to. (For 
example see p. 199). It has been attempted to combine the inlet and exhaust valves, 
and thus not only to keep the combined valve comparatively cool by the incoming 
fresh charge, but also to simplify the mechanical details of the machine; but none of 
these forms, of which Figs. 250 and 251 give some examples, have been able to 
maintain themselves. If they are to be at all reliable, their construction is not 
cheaper but more costly than that of two simple valves, especially when the inlet is 
mechanically operated. The sucking back of exhaust gases from the valve housing can 
hardly be prevented, and the double valve is too vulnerable against soot, rust, ete. 
' Such three-way valves, invented and exploited time and again therefore appear to the 
experienced designer to offer little promise of utility. 

The main aim of gas and mixing valves is to produce as far as possible a uniform 
mixture of gas and air, and this determines the general features of their design. The ° 
means employed to this end are: Increasing the opportunity for diffusion by dividing 
the stream of gas into many fine streams or broad thin layers, proper guiding of the 
various gas currents, mechanical agitation, etc. In the case of automatic mixing valves, 
care should be taken to see that for all valve positions the ratio of the areas of gas 
and air inlet-ports shall be the same, otherwise the composition of the mixture depends 
upon the piston speed and the frictional resistance of the valves. Positively operated 
mixing valves in general give a better guarantee of constant mixture. For gases not 


196 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


entirely free from impurities (suction gas), automatic mixing valves are not satisfactory 
in any case. ; 

The starting valves, found in all the larger engines, operate only for a few turns 
of the engine at a time, and hence its construction is not of very great importance. 
However, to avoid any trouble due to this inactivity, the valve should be so placed 
that it will keep fairly cool and that no chance be given for sticking it by deposits 
of burned oil, etc. This valve may be actuated entirely by hand or temporarily and 
positively by a part of the valve gear. It is self-evident that the main valves should 
all open inward, and the same is true of the starting valves, even if this is constantly 
loaded by compressed air under a pressure greater than the maximum working pressure 
p: in the cylinder. A common form of starting valve shows a design something like 
that of an ordinary globe valve, that is, the disk is screwed down on its seat. This 
form is not recommended, because the explosion pressure comes upon the rather weak 
valve stem and easily causes the valve to leak. Besides this, the contact ‘surfaces are 
easily corroded and encrusted. 


Design of Valves. 


For forms of ignition valves, see p. 293, for starting 
valve, p. 251. 





Fie. 232_—Inlet and Mixing 
Valve for Small Engines. 
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Fig. 233.—Inlet and Mixing Valve combined with Fig. 234.—Mixing Valve, Koerting Bros. 
Governing Valve, Brombacher Type. (Automatic disk valve with dash-pot at top). 
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Fie. 237.—Inlet and Mixing Valve for a large Simplex Engine. 


(a air, b gas, c inlet valve, all operated by d d’.) 
Concerning the governor details e-7, see p. 243. 


for /nertia 
Governor 












Fias. 235 and 236.—Mixing Valve, 
Giildner, used mainly onthe é¢¥j 
large vertical engines. 








238 and 239.—Gas Valve 
for a 6 H.P. Krupp-Gruson- 
pee werk Engine. ; 
47Threaa (For governor belonging to the 
engine see Fig. 321, p. 243.) 


(Disk a controls the gas ports b by 
means of the ports a’, while ports a” 
regulate the air supply. Bell c helps to es 
make the mixture uniform. The lift of 
the valve is adjusted through d. 
Throttle valve e controls the air supply.) 
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Fias. 240-242.—Valve 
Housing for 40-50 
H.P. Hornsby- Ak- 
royd Engine. 








Fic. 243.—Exhaust Valve with Water- 
cooled Stem-Guide, used by Maschinen- 
bau-Ges. Niirnberg for Medium Sized 
Engine. 


bf. 7F >} 





198 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 







CEES 









rae 





N 
N 
N 


Fig. '244.—Water-cooled and balanced Exhaust Valve for a 


large Crossley Engine. 

(a main valve, 6 auxiliary valve. 
just ahead of the main valve. L S 
act on the under side of a’ and thus relieves the main valve.) 
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Fies. 245-249.—Water-cooled Exhaust Valve, showing Spring 
Suspension and Guide Construction, 600 H.P,. Niirnberg 


Blast Furnace Gas Engine. 





Uxiliary Spring 


This valve is operated by ¢ and opens 
This allows the pressure in the eylinder to 
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Fig. 250.—Combined Inlet and Ex- 
haust Valve. 

(The stem of the valve a carries a con- 
centric sleeve b. The latter, for maximum 
lift, closes off the upper inlet ports, while for 
the smaller lift it opens the exhaust ports.) 
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Fig. 251.—Combined Inlet and Ex- 
haust Valve. 


(Valve a and concentri¢ sleeve valve b are 
operated independent of each other. During 
suction the valve 6 has, in its lowest position, 
closed off the exhaust ports, while during 
exhaust, b in its highest position, resting 
against c, has closed off the inlet ports.) 

A valve of similar construction is shown in 
Part III in connection with the Loutzki 
automobile engine. 
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Fig. 252.—Exhaust Valve, Pawlikowsky type. 


(Water-supply pipe a is stationary and surrounded by the 
valve spindle. The latter is bored out large enough so that the 
hot water can find its way out through the annular space be- 
tween the inside wall of spindle and the water-supply pipes. 
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Fig. 253.—Exhaust Valve, Giildner Type with Pawli- 
kowsky Method of Water Supply. 
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Fie. 254.—Exhaust Valve, Pawlikowsiky Type, for 
100 H.P. Korting Engine. 
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Constructive Details. Let Cs be the volume in cubic feet of gas to pass through a 
given valve per second, v the velocity of the gas in feet per second, hf the lift of the © 
valve ,and d the diameter of passage, both in feet. Then the free cross-section /’, 
required through the valve, in square feet, will be 


fe =rdh=— Sq.16., 00, 3) a eres Sos ES 
if the lift in every case is nsf. For the maximum effective lift ha, we may write 
CsmeT8bd7o eu. ft.6 Abe Sree nny ci nares 


and from this the required minimum diameter of the valve passage will be 


oe ee 
E> 
dz FB5p ; fOCUns “aalg) GIN fog: CO) 





But in operation the introduction of a charge through a valve occurs intermittently 
with varying velocity, hence we are compelled, in determining the free cross-section 
required, to base our computations on the true interval of and the quantity of gas 
necessary for a single stroke. Assume that a volume of gas equal to the entire stroke 
volume=V), cu.ft. (without reference to the volumetric efficiency je) is to pass through 
the valve and let the diameter of piston be D’’, the area of piston be F sq.in., S the 
stroke in feet, and c feet per second be the mean piston speed at n revolutions per 
minute. Further, let the clear diameter of the valve seat be d’’, the lift of the vaive 
be hh’, and f sq.in. be the free cross-section neglecting the area of the stem. Then if 
v ft. per sec. is to be the mean velocity of the gases passing the valve, we must. have 





pe eee SQM SS  Giege | cy te 1 ee 
v v 
P ee : d : : Sn 
And, again, providing that h is always <7, we may write eq. (4), since C= 30) 
TS Si DSi a: 
f=zxdh ZT 307 OF dh= 50,5 SG.im. --.. <j 5 2EAe eee eecuen 


The mean charging and discharging velocity v should not exceed 75 ft. per sec. (in 
large engines this may of necessity go as high as 100 ft. per sec.) and substituting this 
figure in eq. (4a) we finally have 


Gly —— SG. Tay 3s 1c co sh gol el toy 


According to page 156, a ratio of connecting-rod to crank equal to 5 makes 
Cmax=1.6c, so that if v is taken at a mean of 75 ft. per sec., the maximum velocity 
of passage through the valve will be 120 ft. per sec. To keep within this maximum 
velocity limit, any given piston position requires a valve lift of. 


D2Sn 


So ease ie) : 
heap ine 5 ae dae es amy 
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In this equation the factor ¢=sina (l4Acosa) expresses the variation of piston 


velocity when the connecting-rod ratio poh For the usual ratio, L=5r, Table 18 
gives the numerical values of ¢. 


TABLE 18 


VARIATION OF PISTON VELOCITY (¢) FOR A4=1:5 
































Part of outstroke........ 02 | 04 | .c6 | .o8 | 10 | .15| .20| .25 | .30| .35| 40) .45 | .50 
Part of instroke.......... .98 | .96 | .94 | .92| .90| .85| .80| .75| .70| .65| .60 | .55 | .50 
y=sin a(lticosa)...... 304] .428 516, .586| .648, .765| .853| .914| .962) .993/1.011]1.018/1.014 
Part of outstroke........ .55| .60 | .65| .70| .75| .80| .85 | .90| .92| .94| .96 | .98 |1.00 
Part of instroke’... 22.5... 45 40 | SOM SO] 25 te n20 4) ela LO 08 | :06 |) 04 |, 02 0 
g=sin a(1ficosa)...... ee oy .892| .832) .759| .668, .554 496 .433| .355| .251] 0 




















Plotting the values of ¢ from the above table as ordinates and the corresponding 
piston positions as abscisse, we shall obtain a sine 
curve similar to the piston velocity curve, Fig. 174. p. 
155. From this curve we can at onte~ determine 
the necessary valve lift and the outline of the actua- 
ting cam. If proper co-ordinates are chosen, the h 
curve, Fig. 255, will he outside of the ¢ curve through- yh ded 7\aala9 
cut, but this can only be done when the valve starts fk ror Becenerte} 
to open slightly before the beginning of the stroke, and 
closes slightly after the end. 












Fig. 255. 


The maximum lift = can be adequately utilized only in the smaller moderate speed 


machines. In large engines questions of valve design, and in high-speed engines the 
proper instant of closing of the inlet valve make it necessary to keep the maximum 
lift much below : Automobile engines usually show haw to Q for automatic inlet. 
valves. ‘ 

If there should be more than one valve, each is to be designed as above indicated 
for the amount of gas it is called upon to handle. In hit-and-miss engines care should 
be taken to see that the valve held open during the misses has sufficient free opening 
in this position. 

The dimensions of the valve cages, guides, or retainers, if they are used, depend 
upon the general conditions of the particular design. To make gas-tight joints between 
these parts and the cylinder heads or cylinder walls into which they are fitted , metallic 
packing rings or surfaces ground conical at an angle of 60° should be employed. If 
the cages are fairly large the force with which they must be pressed home to secure a 
tight joint is considerable, and if the conical joint is employed there is therefore 
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danger of splitting the housing. In such cases, therefore, it is better to use flat 
surfaces with metallic packing rings. 

As far as the dimensions of the valve disk are concemed, 
besides d or do (Fig. 256) only 0 can be determined by com- 
putation. For mechanically-operated valves with disks of medium 
carbon steel we may make 


pz(.ddo)? . 
pa Ing) Spee eee ee oe, ee 


or putting p,;=356 lbs., 


‘ 2 
Fic. 256. on Om) ie a ile <s- Vreig, aoe ie) ea 


To derive this equation the disk has been considered a flat plate supported at the 
edge, and in view of the high temperature and the fact that an allowance should be 
made for regrinding, the allowable stress has been taken as K,=5700 lbs. per sq.in. 
For the purpose of decreasing the weight of an automatic valve, Ky may be increased 
up to 11000 lbs. per sq.in. In the larger disks, say d24’, 0 may be decreased to 
from ~ to 30 toward the edge. 

The width b of the valve seat may be made approximately equal to 








b=.5(dp —d) =.01d++; in. . ° . . . . . . - . (8) 


For automatic valves this should be made a little greater. The angle of the seat is in 
most cases about 45°. 
For the diameter of the valve stem, the following formula gives satisfactory figures: 


s=$d4+2)" to dd4-qe ite Sw ee a ee 


The stem of the exhaust valve may be made a little greater in diameter than this in 
order to decrease the wear and to facilitate conduction of heat to the cooling water. The 
length of the guide depends primarily upon the general design of the valve cage or 
housing, and does not depend directly upon the size of the valve. It is evident that 
short valve actuating levers and considerable frictional resistances require longer guides 
for the valve stem than if the reverse were the case. To prevent possible jamming or 
tipping up of the valve disk, the guide should be extended if possible to the point 
where the actuating lever takes hold. But even this is not sufficient for the exhaust 
valves of large engines, for which a separate guide to take up the lateral pressure of 
the valve lever should be provided (see Fig. 252). Other points which require careful 
design in connection with large exhaust valves are the cooling and lubricating arrange- 
ments for the valve stem guides. 

The diameter dz of the valve housing may be found from the requirement that 


{185(di? = do*) > 850A) Wiese Ae ein a a ee ee 
This is satisfied as long as 
Gy 221.6. asc at Oe Ad Sa eae a Se 


GENERAL ENGINE PARTS 203 


It is generally the case, however, that the form of the combustion chamber furnishes 
more than ample area in the annular space between disk and housing. 

The valve springs are generally cylindrical, spiral steel springs. For these some 
general information will be given at the end of Part II, page 312. The requisite 
tension in these springs depends mainly upon the vacuum occurring in the cylinder. 
For mechanically-operated valves, the effect of this vacuum may be taken equal to a 
load of from 6 to 7.5 lbs. per sq.in. of cross-section of valve; for automatic valves 
these figures change to from 11.5 to 14.0 lbs. per sq.in. The tension of the springs 
should be such as to be able to overcome the suction action of the cylinder under all 
conditions of operation, to prevent accidental sucking back of air or exhaust gases. If 
the valve springs should also be employed to help fetch part of the valve gearing back 
into certain positions, the inertia of such parts of course calls for a corresponding 
increase in the power of the spring (see p. 205). It might be said that this method of 
actuating part of the valve gear through part of its movement is no longer good 
practice in the larger machines. 

In the larger sizes of engines not only the load on the springs, but also their 
deflection in operation, are considerable, and for that reason care should be taken that 
the spring is not made too short. In the position of maximum deflection, that is, with 
the valve wide open, there should be from .05 to .10’ play between the individual 
coils. The number of coils and the length of the spring when free should be computed 
with this allowance. The following example shows the method: 


Example. A given inlet-valve, opening downward, has a diameter in the clear of 4.73” 
and a lift of 1.18”. The weight of the disk including spring plate, nut, and stem, is 14.5 lbs., 
which corresponds to a load of .85 lbs. per sq.in of passage. Maximum 
vacuum in the cylinder is 7.1 lbs., hence with closed valve the minimum 
tension in the spring should be Py=.785 x 4.73? X (7.1+.85) =139 lbs.! 
When the valve is wide open, the tension P, will be from one third 
to .one half greater than Py. Now turning to Table 39, p. 312 the 
spring which seems to fit both the load and the disk best is one with 
a diameter of 2%" (measured as usual from center of wire) and with 
thickness of wire (0)=.218”. For this spring the table gives the maxi- 
mum load Pmax=185 lbs., and a maximum deflection /, for every turn, 
equal to 1.08”. Hf a spring of 2=10 turns be used the maximum avyail- 
able deflection will therefore be 10.8”. Now, from a diagram, Fig. 257, 
drawn with Pmax as abscisse and fax as ordinates, it is at once seen 
that in order to obtain a spring tension of 139 lbs., the spring must , 
be compressed an amount equal to z=8”. This must be the initial K——re-estas——> 
deflection of the spring when placed on the valve stem. The diagram Fic. 257. 
also shows that by compressing the spring equal to the required lift 
h=1.18’, the maximum tension in the spring will be P,=162 lbs. (which satisfies the requirement 
that P)< Pmax). The theoretical length of the free spring should be at least 












4,=/62Lbs. 


V’=10+2+h=(10X.218) +8.0+1.18=11.36 ins. 


With this length, however, and the valve open equal to the lift, the coils of the spring would 
be in contact, which is not permissible. To make some allowance for increase of initial com- 


1Where the computations must be extremely accurate, the effective disk diameter, ie., up to 
the middle of the seat, should be used. In Fig. 256 this is d+b instead of d. 
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pression of spring, should this be found necessary, the clearance between the coils should be 


made ample, say e=s. The required length of the spring then will be 


0 .218 : 
Use eT =e xe) + S.0l- Si (10x55) =12.08, say 12 ins.? 


The accurate determination of the tension of valve springs is especially important 
in the case of the automatic inlet valves of high-speed engines, since this tension 
determines the suction resistance. and the volumetric efficiency y. (p. 31) of the ~ 
cylinder. Our present knowledge of the mode of valve action does not enable us to 
derive a rigid mathematical determination of the most favorable load on the valve 
disk. In view of this, the most rational method is to regard the valve disk as a body 
= > Which must be accelerated during the time ¢, and 
through the distance h(=valve lift). The general equation for this case is 


of weight G, or mass m=; 








Roe Gians G 
Ph gm =szan5 OF Pi=mv=35 5°. Sa Tees gee (12) 
Vv 
32 
valves, for the time and lift chosen, is 








: 2h : : : Bal Te 
Putting t ; 5= Na a9 We find the mean spring tension required in automatic inlet 
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Equation (13) gives the required average minimum tension in the spring. Friction has 
here been left out of account. In the case of valves opening downward it may be 
assumed that any guide friction is balanced by the weight of the disk. 


VIII. Valve Gearing 


Material. For cam or lay shafts, machinery steel, cams and rollers, hardened steel; for 
the valve levers soft steel or cast steel; for driving gears generally, steel upon cast iron or 
upon bronze in the case of screw gears, and cast iron upon cast iron for spur (bevel) 
gears. For low intensity of pressure and low velocity, satisfactory service is also given 
by cast-iron worm gears, if constant lubrication is provided. 

The allowable stress in the material may be taken as heretofore, provided a 
satisfactory determination of stresses can be made. If this is not possible we must 
fall back on experience and judgment. 





' This computation assumes a maximum fiber stress of 125000 lbs. per sq.in , but the maximum load, 


165 
from the diagram, is only 165 instead of 185 lbs., so that the real maximum fiber stress is only 185. 


X125000=+111000 lbs. See note accompanying Table 39. 
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The drawingsin Part III give a general idea of the valve gearing usually employed 
for internal-combustion engines. They show that in horizontal engines the valves are 
generally actuated by cams or eccentrics situated on a lay shaft, which is driven at 
half speed by gearing from the crank shaft and passes usually along what may be 
considered the front side of the engine. The valve gearing of vertical machines does 
not show such standard type of design. In the smaller size of this machine, with 
exhaust valves at the side of the combustion chamber and automatic inlet valves, it is 
comparatively easy to actuate the exhaust valves by the use of a single lay shaft 
parallel to the crank-shaft. - If, on the other hand, the valves are placed in the 
cylinder head, the construction grows 
a little more complicated, since the use 
of a single vertical lay shaft does not 
give a good chance for a generally satis- 
factory design. In such cases an inter- 
mediate shaft transmitting the motion 
from the main shaft to the gear shaft 
horizontally mounted above is usually 
required. This intermediate shaft with 
its two gears (Figs. 258 and 259) makes 
the engine cost more, although compared ae 
with the generally very low cost of Oa 
construction of vertical machines, the : 
increase caused thereby is of small im- Fic. 258. Fia. 259. 
portance. The construction shown in 
Figs. 261 and 262- meets all require- 
ments for vertical engines up to say 20 H.P. The annular gear used works very 
quietly and accurately, and on account of its large contact surface is very well suited 
for high speeds. 

Based on experience it may be said that, for the transmission of motion from the 
main to the lay shaft, a pair of spur or screw gears is best and most satisfactory. 
Many attempts have been made, because of lower cost, to use for this purpose various 
types of clutches, chain drives, etc., but none of the substitutes so far have shown any 
considerable measure of success. Attempts have also been made to replace the cams 
so commonly employed for actuating the valves by other devices of equal value. 
Cams, do the work required of them very satisfactorily. The only other construction 
to be considered would be the eccentric. Eccentrics in themselves, however, are not 
very well suited to gas-engine requirements, and when used in the earlier types of 
small engines have been able to maintain themselves only in isolated instances. They 
cost more than cams and are less simple, offer less range of adjustment as far as 
the motion of the valve is concerned and possess especially the disadvantage that 
the lift of the valve is comparatively slow. To avoid the latter drawback, either 
large eccentricity, which means large eccentric dimensions, must be used, or recourse 
must be had to complex valve gearing with its accompanying lost motion. Fig. 255 
shows that in such a case only about one third of the motion of the eccentric is 
utilized. 

It cannot be denied, of course, that cams also have serious disadvantages when 
used in engines above a certain capacity. The pressures between cam and roller at 
the beginning and end of the motion, and their reaction on the rest of the vaive gear, 
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finally grows very heavy, which becomes manifest in noisy operation, rapid wear of 
contact surfaces, etc. This fact has, in the design of large engines, led to the adoption 
of the eccentric valve drive in combination with a peculiar system of rocking valve 
levers by which the closing of the valve is mechanically controlled. (See p. 210, 
Figs. 278-282.) Other manufacturers, imitating the well-known valve gear construction 
of steam engines, have equipped their large engines with simple eccentric motions and 
attempted to get a satisfactory valve action, in combination with so-called wiper cams 
or similar devices. Whether these innovations will lead to any general use of the 
eccentric in the design of large engines will depend largely upon the practical results 
obtained. Information on this point is as yet quite meager. The satisfactory service 
of this type of valve in steam-engine practice can hardly be accepted as a criterion 
because the conditions of operation there are quite different (almost completely 
balanced valves, considerably smaller lifts, shorter time of valve action, etc.). 


Designs of Valve Gearing. 


Exhaust= 





























Fries. 261 and 262.—Valve Gear for an 8 H.P. Giildner Engine. 
(The spur gear a drives the annular gear b, which, on its cir- 


Fig. 260.—Combined 4-cycle Valve cumference, carries the inlet, exhaust and compression-relief 
Gear and Pendulum Governor, G. cams E, A, and K.) 
Wenzel. 


(Slide a and pick-blade 6 are ope- ne ~ 
rated from the crank shaft. Sliding ‘Sa SZ he, 
piece e with deflector d is held to / SO Lngtae oinig 
e’ only by friction and follows the 5 
motion of e’ to the lowest position. Luge 
In this position, d will deflect the 
ascending blade 6, so that it will 
miss the stem e’, but will strike e, 
moving this upward along e’. At 
the next upstroke however 6b will 
strike e’ before it encounters d. If 
the speed is above normal, b will be 
constantly thrown out a sufficient 
amount to miss e’ by the deflector ‘ 

c.) Fics. 263-265.—Inlet Valve Gear Employing Eccentric, 6 H.P- 
Engine, Krupp-Grusonwerk. (Exhaust is operated by cam.) 
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Fias. 266-268.— Valve 
Gear, Gnom Engine. 





(Eccentric a, whose motion is guided through lever }, Fig. 269.—Valve Gear, Old Type, Gasmotoren- 
rotates the small gear c by means of the screw threads fai “ie Walt i 
2’. Cam e, on the same shaft with c, operates the slide aprik, Leulz. 
f, so that every other turn of the engine the blade g (a, inlet; 6, gas; c, exhaust valve; d, open hot tube 
strikes the exhaust valve gear h.) igniter. The valve levers are lettered the same as their 


respective valves.) 
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Fias. 270 and 271.—Valve Gear, Motorenfabrik Werdau. 


(a, inlet; b, gas; c, exhaust valve; d, electric igniter; d’, make-and-break cam; e, igniter; f, lever for regulation of air{supply.) 
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Figs. 272 and 273.—One of the 
Ider Types of Niirnberg 
Valve Gear. 


(a, inlet valve; 'b, gas valve; c, exhaust valve; d, blowing-out valve; 
e, governor lever; f, slide block for gas valve rod; f’, starting valve; g and 
g , Gnition apparatus and igniter. The governor controls the position of 
he gas inlet rod b’ along the block f, and thus determines the opening of 
os valve) Angles a and @ are taken so that one cam operates both inlet 
and exhaust, 
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Fias. 274 and 275.—Valve Gear used on some of the older Type of 1500-2000 H.P. Niirnberg Tandem Engines. 
(a, inlet valves; b, gas valve; c, exhaust valves; d, blowing-out valve; ¢, governor linkage; /, starting valve; 

g, valve lever springs. These engines are governed by adjusting the port openings through gas valve b, the 

governor through e- changing the fulcrum about which lever 6” turns, and thus controlling the valve lift. 
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Fria. 276.—Valve Gear of a 600 H.P. Twin Engine, L. Soest & Co., Diisseldorf-Reisholz. 
(a, inlet valves; b, exhaust valve; c, gas governing valve; d, starting valve; e and /, double electric 
ignition; g, spark control. See Plate XXII, Part III.) 
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Fig. 277.—Valve Gear for a 100 H.P. Double-acting 4-cycle Engine, Langen & Wolf, Vienna. 
(a, inlet; b, gas; d, exhaust valve; e, igniter. The corresponding operating levers are marked with the 
same letters primed. Lever b’, fastened to a’, is thrown to the left by guide c, lifting the gas valve b. The 
governor, through rod ¢ changes the position of the guide block c, thus controlling the left of b.) 
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Constructive Details. 

. TaBLe 19 
DIMENSIONS OF TEETH OF SCREW GEARS 
; tn 
Lateral Pitch ts= 
Diametral|Cireular| Depth of COs a 
Pitch. Pitch. Tooth. 
—263 04 a= 30° a=45° a=60° Q@—632 257 
oe Ae ei excelin () | to | ee Sg DBO ge ie 
1 1 71 T T "1G 
Inches | Inches | Inches) Inches} Inches) Inches Inches, Inches} Inches! Inches] Inches} Inches! Incheg 
' . i 

.08 SL Bly) .08 .280) .089 .289| .091 FOOO|) hs OPAL ANG) 2060) 0178 
tO) .314 .216 .10 sol Sy .360) .114 444) 114] .628} .20 OO) wa228 
2 Oud . 260 wit 421) .134 434] .138 8SS}) 1h) se OM! .841 . 268 
.16 .503 347 .16 .563| .179 .580} .184 AUS cer O06) eae!) 1,124)" 358) 
.20 .628 ey? .20 .(02| .224 DOO .890) .288 | 1.256} .40 | 1.404] .447 
24 Not: OVAL 24 .842) .268 .869] .277 | 1.066} .339 | 1.508) .48 | 1.684) .537 
.28 .880 .607 -28 .983) .313 | 1.016] .323 | 1.244) .396 | 1-760) .56 | 1.966) .625 
5a? 1.006 .693 POU ZO OOS) | LO Oso oe oo eo cOLA O40 2249) 7ar7 
.36 Psist .780 BOON Me26a)) 402M) WesOol elon) dio 9s O08.) 2.2621) 872) 2528) 806 
-40 HzO .864 40) 405) (447% | 1449 46 eq YoG2) | 2.512) 802-807" 7899 
44 1.362 .953 .44 | 1.544) .491 | 1.595) .507 | 1.954) .622 | 2.764) .88 | 3.088) .982 
A8 1.508 | 1.089 AS L685! 20387 |) Le74ll 2554 |) 22132)" 2678 || 3016) 296193371) 1.072 
RO We Gs miele ba .52 | 1.8238) .580 | 1.885] .599'| 2.308) .7384 | 3.266) 1.04 | 3.650) 1.160 
56 OO ees .56 | 1.964] .625 | 2.030) .646 | 2.485) .791 | 3.518) 1.12 | 3.932) 1.250 
.60 1.885 | 1.296 260. | 2.108) .671 | 2.176) .692-| 2.665) .847 | 3.770) 1.20 | 4.215) 1.340 
.65 2.042 | 1.408 .65 | 2.280) .726 | 2.358] .750 | 2.886; .918 | 4.084) 1.30 | 4.565) 1.452 
-70 2.198 | 1.516 .70 | 2.456] .781 | 2.5387) .806 | 3.107} .988 | 4.396] 1.40 | 4.913) 1.563 
SHS PY |) TAGS .f8 | 2.684) (838 | 2.719) .865, | 3.3380)1 058 | 4.712) 1.50 | 5.266) 1.672 
.80 Deon mleion .80 | 2.808} .8938 | 2.900} .928 | 3.551/1.128 | 5.024) 1.60 | 5.616) 1.787 
.85 2.670 | 1.842 .85 | 2.984) .948 | 3.083] .981 | 3.774)1.200 | 5.340) 1.70 | 5.969) 1.896 
.90 2.826 | 1.949 90° | 3. 158!1..006 | 3).26311 038 | 3.995)1 271 | 5.652) 1.80 | 6.317) 2.017 
.95 2.984 | 2.057 .95 | 3.333)1.060 | 3.445]1.097 | 4.218)1.3840 | 5.968) 1.90 | 6.670) 2.123 
1.00 3.142 |.2.167 | 1.00 | 8.511/L.117 | 3.628)1.155 | 4.445/1.414 | 6.284) -2.00 | 7.024) 2.236 
1. Driving Gears. The lay shaft is usually operated by means of cylindrical 


screw gears, of which the driver, on the crank-shaft, is generally steel, the driven gear 


may be bronze or cast iron. 


In case the width of the teeth is 


ample and oil-bath lubrication is employed, both gears are some- 
times milled out of cast iron. On account of the comparatively 
small surface of contact and the sliding friction always present in 
this type of gear, constant lubrication is practically a necessity. 
In order to simplify the construction of the bearings, it is desir- 
able to have the same diameter of pitch circle for both gears, 
or at least to make the diameter of the driven gear as small as 
possible, in spite of the fact that the speed ratio is 2:1. For 
that reason a common value for the angle a (Fig. 283) is 63° 25’, 
or 60° in round numbers, for the driving gear, and a=26° 35’, 
or approximately 30°, for the driven gear. The lateral pitch £,, 
if ¢, is the normal pitch (see Fig. 283), will then be 


Dix tn 
zZ cos a” 
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Erg. 283. 
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This for the driving gear becomes, when 
a=638° 25, or a=60°; 


a tn 
= =? 236 t, bs Ly, 
eae Foie tance ches ee 





and for the driven gear we will have, when 
a=26° 35’, or a=80°, 


tn tn 


=1.155 th. 


The pressure on the teeth of the driven gear causes a thrust on the lay shaft. 
This is less with the smaller value of a for this gear. 


Table 19, page 211, gives some of the main proportions of screw gears. 
The width of the teeth is from 2-2.5t, the thickness at the pitch circle about .5tn, 
that is, there is no back-lash. For practical values of t2 see Table 20. Putting the 


: 5 t : 
diametral pitch ~=M, we may also write 


we 


Total depth of tooth=2}M, depth above pitch line, i.e., face of tooth, h’=M; 





Pitch diameter ee 


“ve 


*, where Z=number of teeth; 


2 ty 
External diameter of gear, Da=D:+2—=D:+2M. 


TABLE 20 
AVERAGE DIMENSIONS OF VALVE-GEAR PARTS 


Normal Pitch of Screw Gears=tn, Dia. of Lay Shaft =ds, Dia. of Cam Rollers=d,. 





ia | e Wares ae | . nae 
Nominal B.H.P. | 9 i | ite it as 2 ~| 380 40 | 50 60 75 | 100 
of Engine. | | | 








2} .804| .804| .866 | .926 





t;, Inchesie=sa OAS -680 680 tel 711 / 742 74 
dsieres mPescel tee hae 13) 123% WES 1 qlee 62, 1.62 | 1.75 Ee ASOD) 2 OOWMIS2 225i 50) 
ip Pi sale aes 1.62 1:75 | 2.00 | 2.25 2.37 2.62 2.75 | 3.00 325 | 3.50 4.00 








2. Lay Shaft. The computation based upon the external forces acting upon the 
cams gives dimensions much too small for both lay shaft and transmission gears. 
Table 20 gives some practical values for these dimensions for engines up to 100 B.H.P. 
If the lay shaft is also called upon to actuate devices out of the ordinary, as, for 
instance, circulating pumps for cooling water or air compressors, the values for f and 
ds in the table should be correspondingly increased, or, instead of screw gears, milled 
helicoidal gears should be used. These possess the advantage over screw gears in that 
the pressure is distributed over the surface of the flank of the tooth instead of bearing 
in one line only. In general, however, the lay shaft should not be called upon to do 
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such work, as it reacts unfavorably upon the governor, especially if the power required 
is of fluctuating quantity. Even in ordinary operation it is often noticed in large 
machines that the varying torque to which the lay shaft is subjected during one 
revolution causes vibrations in the shaft itself, knocking in the gears and irregular 
governor action. The resisting torque in the lay shaft isa maximum at the time of 
opening of the exhaust’ valve. As the cam roller leaves the exhaust valve cam, the 
lay shaft receives an impulse through the action of the valve spring upon the valve 
lever. This causes a taking up of any back-lash in the driving gear if the torque so 
produced exceeds the frictional resistance of the shaft, which in large engines is nearly 
always the case. Several German designers therefore use a special fly-wheel on the 
cam shaft, which, by means of its inertia, prevents the reversal of the torque on the 
shaft, and hence contributes much to noiselessness -of operation and steadiness of 
regulation. English and American designers very often eliminate the bad effect upon 
regulation of the varying torque in the lay shaft by the use of centrifugal governors in 
the fly-wheel, or by giving the governor an independent drive from the main shaft. 

3. Cams. Fig. 284 shows a complete cam system consisting of three cams, E for 
the inlet, A for the exhaust, and AK to reduce compression at starting. Since the lay 
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Fie. 284.—Normal or Standard Fies. 285 and 286.—Cam System for a 40-50 H.P. Hornsby- 
Cam System. Akroyd Engine. 


shaft, sometimes called the half-time shaft, has only one half the angular velocity of 
the main shaft, the values of the angles given in Fig. 284 must be doubled in order 
to refer to crank angles. The lines of rise and fall of the cams should be tangential 
to the base circle, and the transition from the tangents to the outer surface of the 
cam should be as gradual as the valve lift curve (curve h, Fig. 255, p. 201) permits. 
It is possible, by properly fixing the position of the cam-rollers, to actuate both the 
inlet and exhaust valve from the same cam (see Fig. 273). This simplifies the gear a 
little, but it is questionable whether the gain realized is sufficient to balance the 
attendant inaccuracies in the motion of the valves. Regarding the direction of motion 
of the cam shaft, it will generally be found by inspection that the lift of the valve 
levers is more easy in one direction than in the other. This of course guarantees less 
wear and noise. 

Large cam diameters permit of accurate adjustment of the valve motion, but 
knecking ‘against the cam rollers is likely to result when the peripheral velocity of the 
cam approaches 3 ft. per second. Large cam diameters also increase the torque in the 
shaft. The method of fasténing the cam to the shaft requires careful consideration. 

Cams movable in an axial direction have not proven reliable in large engines unless 
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the method of fastening is very carefully designed. An example of this is given in 
Figs. 285 and 286. 

The cam rollers are made of hardened steel. Common dimensions .are given in 
Table 20. The width of the roller for the inlet cam may be made=.3d,, that for the 
exhaust cam=.4d,. These dimensions, however, should be checked to see that the 
maximum pressure does not exceed 3000 lbs. per inch of width of roller. 

4. Valve Levers. In order to keep the inertia forces as low as possible, the cross- 
section of the valve levers should be such as to combine greatest strength and stiffness, 
especially in the horizontal plane, with minimum weight. The return motion of the 
levers should be produced by special springs, and should not be left to the action of 
the valve springs. Suppose that the weight of the actuated parts of the valve gear is 
G lbs., referred to the center of gravity, and let the distance the latter is to be moved 
in ¢ seconds be s, then the tension of the special return spring, also referred to the 
center of gravity as the point of application, should be at least 


_MX2s _ GX2s Gsu 
e “3202 *~ 162 





Pm Ibs.) sy. Se 


In this equation y is a correction factor which takes into account frictional resistances 
and unavoidable errors of computation. Practice has shown that it may be taken at 
w=1.25 to 1.50. 


aE 4 Suction The computations for strength of the 
Gt Re eet PN Zo, valve levers, which hardly require any 
IE 


EEN Qe. further explanation, should. be based on a 
Fic. 287—Normal or Standard Valve Setting Pressure at the moment of opening of at 
Diagram. least 30 lbs. per sq.in. for the inlet and 75 


Ibs. per sq.in. for the exhaust valve. It is 
possible, in engines using compressed air for starting, that through careless handling of 
the starting valve (taking air full stroke) the opening resistance of the valves may be 
in excess of the above figures. 

5. Adjustment of the Valve Gear. The valve gear may be quickly set with the 
aid of diagrams like Fig. 284 or 287. In either of these Jy; and Tq designate 
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Fia. 288. Fig. 289.—Valve Lift Diagram for a Twin Engine. 


respectively the inner and outer dead center position of the piston. To facilitate the 
operation of adjusting the valve gear in the shop it is well to fasten definitely only 
the gear on the main shaft and the cams, but to leave the gear on the lay shaft free 
until the final adjustment is made. To this end the seat of this gear may be turned 
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slightly conical, in the ratio, say of 1:12 or 1:10, and during the adjustment the gear 
is kept from slipping by forcing it upon the cone by means of a jam nut. After the 
setting is completed and the engine finally tested out, the pair of gears should be 
marked as indicated in Fig. 288, and the driven gear may then be finally keyed in 
place. 

In designing the valve gears for multi-cylinder engines, a clear insight into the 
sequence of the various valve actions in all of the cylinders may be gained by drawing 
the valve lift curves in their proper phase with reference to one system of codrdinates. 
In Fig. 289 this has been done for a two-cylinder machine. 


IX. Fly=wheels 


Material. In stationary engines usually cast iron throughout; in the largest sizes 
of engines sometimes cast iron with steel or cast-steel arms; for high-speed automobile 
engines now and then steel or cast-iron body with lead rim. 

Allowable Bending Stress Ky, on account of uncertainty of the nature of the 
stresses encountered and to guard against unforeseen contingencies, not to exceed 
3000 lbs. per sq.in. for cast iron or 7000 lbs. per sq.in. for soft steel. ; 

1. Determination of Weight of Fly-wheel. In theoretical investigations it is usual 
to employ the tangential effort diagram obtained from an assumed or real indicator 
diagram, to compute the moment GD?, or the moment of inertia of the rim. 


GD?, GD, GR? 
Die eat ate ee a Ow 





which is required for any given coefficient of regulation 6. This method, however, 1s 
quite complicated and takes time. For that reason it is not much used in the drafting 
room, but since it gives a clear insight into the pressure and velocity changes it will 
be explained in detail. This will be followed by the development of a simple and 
purely mathematical method of equal practical utility. 

Plates II, III, and IV give a number of accurate tangential effort diagrams for 
single-cylinder engines; Plates V and VI similar diagrams for the common multi-cylinder 
combinations. All of these were constructed from actual indicator diagrams,! for 
the weight G: or Gy of the reciprocating parts, noted on the plates, and for connecting- 
. rod lengths equal to L=5r. All diagrams are drawn for the full operation, that 
is, for two revolutions for the 4-cycle, and for one revolution for the 2-cycle. In the 
case of multi-cylinder engines it is usually sufficient to draw the diagram for the 
interval between two successive ignitions. ‘To construct these diagrams the first opera- 
tion is to redraw the lines of the indicator diagram, placing the various events side 
by side in a row, and spacing off the ordinates above or below the zero pressure 
line as required. Next draw the diagrams for the inertia forces according to page 156, 
and lay them in over the lines of the developed indicator diagram in proper order. 
The combination of the indicated pressures with the inertia forces then gives the 
diagram of net piston pressures. ‘These in turn are used in the determination of the 
tangential effort diagram, which has for its length of base the developed crank circles 
of a complete cycle. The abscisse for the ordinates on all the diagrams are equivalent 


1 Published in the Zeitschrift d. V. D. I., 1901, p. 369. 
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to 10° crank angle, and corresponding piston and crank positions are marked by the 
same figures. 

To determine the ordinates of the tangential effort diagram any of the well known 
graphical methods may be employed. Mathematically, their height is 


sine 8) : 
eee ers OWL lbs. PenSQ Wits. 3 Gs~. Yes) Sey ae 


in which p is the net piston pressure at any given instant, athe crank angle, and 
2 the connecting-rod angle. 

To obtain the resistance diagram, we may assume that the net effective effort 
resulting from the fluctuating effort of one complete cycle is used up by a uniform 
resistance W acting tangentially at the crank circle. This diagram therefore is a 
rectangle whose base b is the length of the developed crank circles of one complete — 
cycle, and whose height p, may be determined from the mean effective pressure pi 
corresponding to the nominal indicated horse-power, to which the work of resistance 
must evidently be equal. 

The net effective work Ai is the difference between the total indicated work. A, 
and the work of compression Ac, and is produced during one stroke of the piston. 
Hence 

AireAg—Ac= iF K2rdtelbee. 8) Ao a ee 


The uniform resistance encountered is 
W=pelb ft-lbs. 2k a es) ee ee 
The length 6 depends upon the type of engine as follows: 


For single-acting 4-cycle engines, b=4zr; 
For single-acting 2-cycle engines, b=2zr; 
For double-acting 2-cycle engines, b=zr. 


Since AveW op pel X2r= pol bya 4 Bee 


we obtain, by substituting the proper values of b, the following values of pw for all 
single-cylinder engines. 


4-cycle engines, Porto) 26s eee (5) 

Single-acting 2-cycle engines, pore: (5a) 
3 : 2 

Double-acting 2-cycle engines, pw=—...... . . (5b) 


The crank travel b between the successive_ignitions is therefore determined in the 
various cases by the following crank angles: in the double-acting 2-cycle, 180°; the 
single-acting 2-cycle, 360°, and the single-acting 4-cycle, 720°. In what follows the 
pressures pi, Pc, and pw» will be expressed in pounds per square inch. If F is the 
effective piston area in square inches, the factors pF, pF, and p,F represent the 
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value of the total piston or resisting pressures P;, P., and Py acting at any given 
instant. 

The difference existing at any given instant between the variable tangential effort 
and the uniform resistance is shown in the diagrams by the relative positions of 
the two lines representing these forces. 
Where the tangential effort curve lies 
above the line of uniform resistance, we 
have an excess of energy furnished; simi- 
larly, where the curve cuts below the 
line of resistance, a deficiency exists. Ke 
As is well known, this deficiency is 
made up by means of the kinetic en- 
ergy Kk derived from the energy excess 
A and stored in the revolving mass M 
of the fly-wheel. The energy exchange 
between crank and _ fly-wheel 
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tude of the velocity  varia- 

tions. It will be noted that the maximum velocity V,,,, of the crank pin 
is found at that point of the diagram (Fig. 38, Plate IL) where the tangential 
effort cuts below the line of uniform resistance, that. is, near the end of the 
expansion stroke. Beyond this stroke there is in general a steady drop in the 
velocity, interrupted only here and there by the effect of inertia forces of the recip- 
rocating parts, until the minimum velocity, V,;, of the pin is reached just after 
compression. After this point the tangential effort curve quickly rises again above the 
line of uniform resistance owing to the com- 
bined action of the inertia forces and the 
new combustion. 


Actual tachometer records, taken on a large 
scale with very sensitive tachometers, corrobo- 
rate throughout the statements above made in 
regard to velocity variation of crank pin as 
derived from the constructed tangential effort 
diagram. Fig. 290 shows a record for five com- 


c 
‘Oo 

> 

& 


Fertation tn 
a 
8 
8 


¥ ae plete cycles as obtained from a 100 H.P. single 
mgs cylinder Crossley-Otto producer gas engine. This 
a engine had two fly-wheels, each weighing 5 tons, 





and was supposed to make normally 180 turns 
per minute. During the tachometer tests the 
average r.p.m. was 164 at a load of about 60 H.P. 
The velocity variations shown in this diagram 

are remarkable for irregularity, magnitude, and 
unexpected occurrences. This is true not only as regards variation between cycles, but also 
within the individual cycles. It is evident that the fly-wheels were too light at the lower speed 
used and that the individual explosions were of very unequal strength. Much more regular, 
that is, uniform, are two records from a 20-H.P. Diesel engine, running normally at 180 r.p.m., 


27 


Fias. 291 and 292.—Tachograms, 20 H.P. Diesel 
Engine. 
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shown in Figs. 291 and 292. The fly-wheel in this engine weighed about 3700 Ibs. Fig. 291 is 
taken at 9.36 B.H.P. and 292 at 21.75 B.H.P.} 








v2 —2 . 
Assume that A=K=M oir ae itealbsieen cite bee 
If we let p= max t Pmin _ the mean velocity of the crank pin and the coefficient of 
regulation 
__ Umax — Vmin — Mmax — min 

o= ' Fs on be NEG TS oo 

equation (6) may be written 
A= K = M0070. 5 a a eee 


Further, if the velocity V in ft. per second of the center of gravity of the cross- 
section of the wheel rim be substituted for v, and the weight G of the rim be put in 
place of M, we finally have 


Aq RAE VO) 25, ial) he 


Assume that the area representing energy excess or deficiency in the tangential 
effort diagram contains f sq.in. The energy value of this area will be 


A=fFm* tt-lbs. (Oe Don 


In the above equation S=2r=stroke in feet, /=scale length in inches of one stroke 
in the net piston pressure diagram, and m=number of pounds pressure per inch of ordi- 
nate of this diagram. 

The necessary weight G of the fly-wheel rim must be, from eq. (8), 


Ag 2 eg 2900 A 








G 572 5(zkm>~ (Rn)? 3 la ches cal een see 
30 
From (9) we also derive 
_ Ag _ 29004 
"=a? Gant oe 


Under ordinary conditions the area of excess in the tangential effort diagram is 
equal to the area of deficiency,.in which case the latter may be left out of considera- 





1These diagrams, and also those on page 227 and 228, were taken from an article by Prof. A. Reeve 
in the Engineering News of Aug. 2, 1900. They were made by the use of an electrically excited 
tuning-fork, the stylus of which passed over smoked paper. The records so obtained were afterwards 
carefully copied. 
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tion. It may happen, however, in engines governing on the hit-and-miss principle that 
that part of the area of the tangential effort diagram lying below the line of resistance 
exceeds the positive area of excess. In such a case the value of A must be determined 
from the deficiency area. This will be explained more in detail when we come to 
consider various methods of regulation. In Plates V and VI, showing diagrams 
for 2-cycle and multi-cylinder engines, the areas upon which the computation of A 
should be based have in each case been indicated by marginal hatching. 

At the outset it may be stated that for 4-cycle engines the inertia effects of the 
reciprocating parts may be neglected in fly-wheel computations. It is true, of course, 
that these inertia pressures tend to decrease the pressures on the crank pin at the 
moment of maximum compression and combustion pressures; it is also true that the 
inertia effects cause the tangential effort to be more uniform during the second and 
third strokes of the cycle; but all of these influences affect the coefficient of regulation 
0 of the engine but very little. The influence that the moving parts may have upon 
the area used as a basis of computation for the value of G or 0 is very insignificant. 
The difference usually amounts to but from .5to.7%, and only in the most unfavorable 
cases does it amount to 1% of the true area! The explanation of this not quite 
self-evident fact is found in the circumstance that the line of uniform resistance, which 
forms the lower boundary of the excess energy area, lies very close to the line of zero 
pressure in 4-cycle engines. In fact, this line cuts the tangential effort curve of the 
expansion stroke close to the dead centers. In these piston positions, however, the 
crank angle is so small that the inertia forces do not produce any considerable 
turning effort, and the pure tangential pressure curve is therefore influenced but little. 
Since the positive inertia pressures during any one stroke must equal the negative 
pressures, i.e., their sum=0, the absolute size of the work area is not affected by 
them. Their only effect is to change the areas above and below the line of uniform 
resistance by changing the shape of the circumscribing curves. But the amount of this 
change is the smaller the closer the line of resistance is to the zero line. In the case 
of 4-cycle engines the distance py from the zero line to the uniform resistance line is 
so small that the designer is justified in neglecting the effect of the inertia forces in 
fly-wheel computations for engines of this type. (Of course the value of the correct 
tangential effort diagram in judging actual pressure conditions and reversal of pressure 
is not in any way affected by these considerations.) 

The mean pressure of the negative work done during the first and fourth strokes 
in drawing in the fresh charge and discharging the exhaust gases is only about 1% of 
the mean pressure of the absolute positive work in modern large engines with mechan- 
ically operated valves of large cross-section. This work has therefore practically. no 
effect upon the turning moments. In any case its effect upon the coefficient of 
regulation is less than that of the frictional resistance of piston and cross-head. But 
so little is definitely known about the magnitude and distribution of the latter over 
the four strokes of the cycle, that its effects cannot be taken into account with any 
accuracy in fly-wheel computation. For that reason we are justified in this investiga- 
tion in also neglecting the negative work of the suction and exhaust strokes, and 
confining our attention merely to the negative work A, of the compression stroke and 
the absolute positive work A, of the combustion and expansion stroke. 

The difference Aa—Ac represents the indicated effective work A:, which, according 


4 Actual proof of this may be found in the Zeitschrift d. V. D. L., 1901,-p. 371. 
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to eq. (8a), must be equal to the uniform work of resistance W. In the tangential 
effort diagram of a 4-cycle machine (Fig. 293), Aa is represented by the positive 
area abcde. After subtracting the area of the strip Ap=abde, the remainder is the 
area A=bced, from which is determined the rim weight G of the fly-wheel. The area 
Ao is smaller than the parallelogram aaje,e only by the small corner areas x+y =aa,b 
+deye. ‘The area aayeye represents one quarter of the work of the uniform resistance 


W ; : : : 
(=7)- The integration of a large number of turning effort diagrams of 4-cycle 


engines has conclusively shown that the area of the two small triangles x and y, cut 
from the parallelogram aaje,e rarely exceeds 1%, and in the extreme does not amount 
to 14% of the positive work area abcde. The influence of these areas upon the result 
of fly-wheel computations is therefore in all cases very small! It is permissible, 
therefore, without introducing undue errors, to determine the excess energy A directly 
from the expression Aa Now both Aq and au can be taken directly from an 
indicator diagram, and the latter is consequently quite sufficient to determine the 
amount of excess energy A and finally also the 
weight G of the fly-wheel rim. This enables us 
to substitute a simple mathematical method 
for the graphical method. 
The term “absolute positive work” (Aq) is 
not much used in actual practice. The usual 
Fig. 293. method is to planimeter the indicator card and 
to determine from this the value of A,, that is, 
the net indicated work, and for that reason it seems best in the method to be developed 
to use the more common terms A; (in ft.-lbs.) and N; (in H.P.). 
Let the mean pressure of the compression stroke be p,-, and the mean effective 


pressure (of the net indicated work) be p; lbs. per sq.in. The absolute positive work 
will then be 








Mean Resistance 
¥ - (J 
NX, Zero Line y 








y= Ae( 142) ficlbs: 6! s- .. oe 
Pi 
5 Pe 

Now, putting ie (12) 
we may write 

Excess energy A = 4a = Ail +0) — Tit lbs 
But from eq. (8a) Ai=W=pwFb. . 

. Ww 
Hence A=W (1+ 9) oy Bes (.75+0)W 


=(.75 +0) pwFb 


=(.75+) pol 47x ft-lbs. 944 is 5 8S Ge 
for a 4-cycle machine. 


* For numerical proof, see Zeitschrift d. V. D. I., 1901, p. 371. 
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The uniform turning moment pwlr=Pwr, however, may be expressed by the 
general dynamic equation, 


Pr 








550N _60X550N N 
= — =52 
_ Te a 


Hence eq. (13), in connection with eq. (8), becomes 
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In round numbers we may therefore write 


_ 2125000 Ni(.75 +9) 
, OV2n 
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2125000 Ni(.75-+p) 
ae GV2n 
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It is easier for both designer and constructor to use the radius R or the diameter 
D; of the gravity circle of the wheel rim instead of the velocity V in computation. 
Substituting therefore 
yoo ee 
*, COE FIS10 
in eqs. (16) and (17), we finally have 


_ 77.5 X 107(.75 +p) Ni 


D « 
OD <n3 


G ieee Sita tence tices, tin)’. tae (LOD) 





77.5 X 107(.75 +0) Ni 


; . (17a) 
GD?ns \ 


and ee 


Of the total weight G about y is usually assigned to the arms of the wheel, so 
that only ;°>G needs to be considered in designing the rim. Investigations on gas 
engines, however, have shown that the influence of the weight of the arms seems to 
be greater than the above proportion would lead us to expect, that is, the experi- 
mentally determined coefficient of regulation is smaller than a rim weight of +% G 
should theoretically give. The reason for this may be in the fact that the arms are 
usually designed much heavier than is common in steam-engine construction. 

It should be noted in eq. (17a) that the factor nm enters in the third power, hence 
a comparatively small decrease in n increases the value of 0 seriously. On the other 
hand, the same facts permit us to materially better the regulation of any given 
machine by a comparatively minor increase in the number of revolutions per minute. 

The coefficient p, eq. (12), does not depend upon the constructive differences in 
various machines as much as it does upon the heating values of the fuel employed 
and the quality of the mixture. The purer and richer the mixture, the smaller will 
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be the value of o, because the relation between work of compression and of expansion 
is under such conditions the most favorable. With the high compression pressures used 
to-day in the best machines, however, one is compelled to use comparatively lean 
mixtures to prevent pre-ignition and its attendant trouble. These mixtures burn with 
comparatively small development of work area, and upon this depends the fact that 
in general the value of o varies directly as the compression pressure, rising and falling 
with the latter. 7 

To give some idea of the value of o, in approximate or preliminary computations 
for which o has not yet been definitely determined, the author investigated a con- 
siderable number of actual diagrams from the most important types of engines with a 
view to determining the values of A; and A.. Excluding the extreme cases, the 
following limiting values of o are found from the data so obtained: 





TABLE 21 
PRACTICAL VALUES OF p=" 
Pi 
Illuminating-gas engine............. e=.25 to .35 Gasolenesengines 45). eer) sae e=.10 to .20 
Producer-gas engine................ o=.35 to .45 Al coholmenoine rin eke ese ee o=.25 to .32 
Kerosenexenpine api s.ce 2 eee ee p=-30't0 40 4 Dieselfoillengine =>. .24 4... .2 + secs. o=.48 to .52 





The value of Ni, in the case of engines governing down to no load on systems 
other than the hit-and-miss, should be based upon the intended maximum horse-power, 
Nemax» Of the engine, which should be about 10% greater than the nominal horse- 
power JN,. If, as usual, the latter is determined at the brake, the mechanical 
efficiency 7m, which in the various constructed types varies from .70 to .85, must be 
taken into account. We may then write 


Ni—Nemax 
Ym 


in which Ne,,ax stands for the maximum brake horse-power desired. 

In engines using so-called “ precision” regulation, the governing is effected by a 
change in the mean pressure of the combustion stroke. In the tangential effort 
diagram therefore the excess positive area decreases as the load decreases. The 


1 For these engines, Paul Meyer (Zeitschrift d. V. D. Ingenieure, 1901, p. 413) proposed the following 
special equation: / 


894.5 < .01 (A) 894.5 X .01 (A) 
G nt kg. and 6=— GR? 3 











in which (A) represents the energy in m,-kg. absorbed by the fly-wheel, between the limiting velocities: 
Vmax a0d Vyjn- This energy, for the ordinary type of Diesel engine, is approximately represented by 


(A) =0(.77pi+4.1) em.-kg., 


in which »v is the stroke volume in ccm. 
[Note that in these equations the units are metric throughout.] 
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distance, pw, however, which measures the uniform resistance distributed over the four 
strokes of the cycle, decreases at a much slower rate. Hence the relation of excess 
area to resistance area grows more favorable as the load on the engine decreases. 
Consequently, also, the coefficient of regulation 0, computed for New x, constantly 
improves as the load falls. 

The conditions are much less favorable when the hit-and-miss system of regulation 
is used. Every decrease in the load in such an engine means an increase in the value 
of 6, that is, less close regulation, a fact to be borne in mind when a certain value 
of 6 is to be maintained also at partial loads. The reduced diagram shown in Fig. 294 
serves to explain this. It is drawn for half load, ie., theoretically there should be one 
miss between every two ignitions. The positive work Aa developed during one com- 
bustion, considered as a constant turning force, is now distributed over eight strokes, 
instead of four as for full load, and the crank travel bo from ignition to ignition is 
2x4rz. But since, as before, the indicated effective work A; must be equal to the 
uniform work of resistance W=Wo=puoFbo, the value of puo must vary inversely as 
bo, i.e., it must be one half of its full load value. The line of uniform resistance is 


P Miss-stroke 
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Fig. 294. 


therefore that much nearer to the zero line, and the excess area A=abce of the full 
load is, at half load, increased to Ag=a,abcc,;. We then have 


Pe te A 
Ao=Aa~5- 4 . . . . ° . . . . . . (18): 
or, referring to eq. (13), 
Ao=[((1—.125) +eo]Wo=(.875+p)Wo. . . . «~~ « (18a) 


The relation between the excess areas A and Ay of the two load conditions, that is, 
in this case full load and half load, expresses directly the relation between the coeffi- 
cients of regulation 0 and oo. That is, 


ASSES 
rae eh sh aes, ae ose el O)) 
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In the above discussion perfect governor action and ignition have been assumed; 
ie., at half load, for example, one explosion must be regularly followed by one miss. 
If this is not the case, if, for instance, two, three, or more explosions are followed by 
a corresponding number of misses, the regulation will be still less close, since under 
these conditions the crank travel bo intervening between each governor action is 
further increased, the distance pyo is further diminished, and excess area Ap is still 
greater. 

If an engine, at any partial load Ni, works with x misses to one combustion, 
each of the latter must supply a crank travel equal to 1+x=m full four-stroke cycles 
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or double revolutions. The coefficient of regulation then increases during the period of 
misses from the value 0 at full load to 


.250 
‘ eee 
Og = ee Ow (20) 


.100+ 0 


If we assume an average value of o=.30, eq. (20) for various values of m, gives the 


\ 


c 00 
following values of >: 


eo 3 4 5 6 7 8 9 10 
= 1.120. 1158 1478" 1.190 1.197 | 1.203 Tee07 dio ee 
(1.120) (1.150) (1.166) (1.177) (1.184) (1.190) (1.194) (1.197) (1.200) 


J 
= 
S| $7 > 


The values in parenthesis. were obtained by measurement from a series of carefully 
constructed tangential effort diagrams, in which o and m correspond to the values 
assumed for eq. (20). The agreement in the two cases is evidently very satisfactory. 

The field of application of eq. (20), however, is limited. It applies only in cases 
for which the tangential effort diagram shows a positive excess area equal to or greater 
than the negative excess area for one governor action.! If this is not the case, if, for 
instance,, the negative areas, the hatched area in Fig. 295, exceed the positive excess 


Last Explosion Miss-stroke First Explosion 








Fig. 295. 


area, then the former determine the weight of the fly-wheel, or, in the case of engines 
already constructed, the coefficient of regulation. Eq. (20) then no longer applies. 
The positive and negative excess areas for one governor action are almost exactly 
equal at % load. In the full load diagram, Fig. 295, the positive area a is equal to 


1Transtator’s Notre. In this discussion the terms “governor action’’ and “governing period” 


are used. In explanation, suppose that an engine of the hit-and-miss type operates under a given 
fractional load b, and that with perfect operation of the governor, which is here assumed, the engine 
regularly gives z explosions followed by y misses. Then'a+y=m is the “governing period,’’ i.e., the 
number of double revolutions or complete cycles passed through while the fly-wheel goes from minimum 
to maximum and back to minimum velocity. It is evident that the load on the engine may then be 


Z 
expressed by b=—, and it is also evident that in one governing period the sum of the positive excess 
m 


areas must always equal the sum of the negative excess, or deficiency, areas, otherwise the engine will 
either stop or run away. 

By “governor action,” on the other hand, is meant the period consisting of the last explosion 
stroke of a series plus the number of strokes concerned in the interval of miss cycles up to the 
beginning of the next explosion. It is evident that for one governor action the negative excess, or 
deficiency, areas may exceed the single positive excess area. 


lee Seite 1 
In the case of the partial loads represented by the series Be aero to —, where z=1 in all 
5 m 
cases, the governing period is the same as the period of governor action. 
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the sum of the negative areas b. If now the load drops to .9 Ni, for which—assuming 
perfect governor operation—there should be regularly 9 hits followed by 1 miss, the 
uniform resistance ordinate p,, will decrease to 4%) its full load value, and the positive 
excess area increases by +5 te At the same time, however, the sum of the negative 
excess, or deficiency, areas also increases because these areas are now distributed over 
7 instead of over only 3 strokes, as at full load. It follows that, as the negative 
areas increase at the expense of the positive excess area, during one governor action, 
the regulation coefficient increases, although immediately after the period of retardation 
it is brought down again to its best value as long as ignition regularly follows ignition. 

Prof. R. Mollier,! investigating this question of hit-and-miss regulation along the 
lines above laid down, has developed the following special equation for the numerical 
determination of the variation of 0 with different loads on the engine (see also 
eq. (18a)). 








ilaemeeres Ac 5 
Ao Aa(1 ae hs T reas A 5 a 4 < A 5 O 6 (1) 
In this equation 


Ag=as before, the excess energy during the period of governor action; 
Aj=Aa—Ac=net work of expansion; 

Ac=work of compression; 

m=double revolutions (complete cycles) during one governing period; 
il : 
b=—=load on the engine. 
m 


Equation (I) thus assumes that each explosion is regularly followed by a=m—1 


miss cycles. If, however, instead of one there should be 2 ignitions in one governing 


“as 
period, then = 





1See Zeitschrift d. V. D. I., 1903, p. 1704. 














> Transyator’s Nore. As an example, suppose’ an engine governs regularly | | | | |— —, 1.€:, 
Le 5 
five hits followed by two misses. Then m=7, —= = and Can Hence, from eq. (1), 
m 
it ah, Sy, eval 39 Ae 
kw i eae ene ) Ai(: i ). 
‘ ( enn na aaa "\28 = Ay 


For full load, on the other hand, i.e., when no misses occur and m=, eq. (13), page 220, gives 


y 
ie (75444) 4: 


“Au, 


Ask 
Putting aE in both equations, we have 
v 


for 2 load Ay= ?3Ai, 
and for full load A=Aj. 


Hence the excess area to be considered at 2 load is greater than at full load, and if the fly-wheel 
is designed for full load, the coefficient of regulation 0 at full load will increase at 2 load to 
Ae ar 
d= d= fd = 1.640. 


This is indicated in Fig. 296. It should be noted next that the condition that there shall be 
no misses at full load is ideal, and never realized in practice in hit-and-miss engines. A miss cycle 
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It is evident that the greatest safety against any change in 0 exists when in 
eq. (I) the value of m is made very large, or, what amounts to the same thing, 
1 


— or — is made very small. With oe eq. (1) takes the simpler form 
m m m 


D7) ae 
Ag=Ai(1 +304). 2 eesti re) he a (IL) 


From this equation of “practical regulation coefficients’? Mollier has given in the 
diagram, Tig. 296, for various assumed values of z (ignitions) and a (miss cycles), the 
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ratios of —, under the assumption that ay ao all cases. Line AB gives the ratios 
00 a 


when z=1, which is the most favorable case, while line BC for = =0 (most unfavorable 


case), gives from eq. (II) the only values of practical use. Line BC is the line of 
reference not only for the condition that any small load fluctuations occur at con- 





will always now and then occur no matter what the interval. Hence eq. (I) above instead of eq. (13) 
should be used for computing A for any load no matter how little below the ideal full load. For 


full load eq. (I) gives 
MS) Ae (ae © 
Al ai ya eee 1p 
3 ( sete oe (f Aj 





1 eels ; 

which, with ian, becomes A=2A;. This also is indicated in Fig. 296 by the point C, and shows 
u 

that as soon as the ideal condition of no-miss cycles at full load is departed from the original value 

of 0 is increased very materially. 
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siderable intervals, but also when these fluctuations, grouped about the mean value of 
load, occur at intervals of any desired length. For this reason at ? load, for instance, 
the regulation coefficient may still be computed from eq. (II) if the governor acts as 
indicated in the series: |||—||—|||—||—|||—||—. Thus not only the effects due to load 
fluctuations, but also those due to any lag in the governor, are to a certain extent 
taken care of. 

The line BC, Fig. 296, shows that the closeness of regulation in practice increases 
under decreasing loads. 


The tachometer record, Fig. 297, shows with special clearness the magnitude and suddenness 
of speed changes sometimes occurring in hit-and-miss engines. At the end of the expansion 
stroke of the second cycle the number of revolutions per minute is 3% above, and at the end 
of the fourth, which is a miss cycle, it is 3% below the normal speed. Inside of these cycles, 
therefore, the crank will show a speed change of 6%,—and this with a fly-wheel weight of 
22000 lbs., which in this case amounts to 220 lbs. for each nominal horse-power. It should be 
noted, however, that this record represents extraordinarily unfavorable operating conditions. The 
upper speed limit (103%) could only have been reached by a very heavy explosion, while the 
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Fig. 297.—Tachogram, 100 H.P. Crossley Engine. 


lower limit is in part at least due to the partial failure of ignition in the previous cycles. 
Under less unfavorable circumstances, the speed limits are much narrower than this, as is shown 
by Fig. 298, which is obtained from the same engine under the same load as for Fig. 296. If 
the power of an engine is transmitted by belting, the speed variations, owing to the equalizing 
action of the belt, will be much less pronounced in the power consumer, especially if this itself 
possesses rotating masses. Under such conditions there will be established in the power consumer 
an average speed for every four-stroke cycle, which is much closer to the normal speed than that 
measured in the prime mover itself. The advantage of equalization possessed by this elastic 
transmission is, however, lost~if the speed increase or decrease in the engine extends over a 
considerable number of revolutions. This is clearly shown in the record of Fig. 298, for which 
the 100 H.P. engine was loaded only with the friction of a transmission about 100 ft. long. 
Here from 4-5 miss cycles are followed by 2 or 3 ignitions. During the former the average 
speed slowly decreases, while during the latter it increases by rapid stages. The maximum and 
average variations occurring under these conditions are well shown. 


While it is true that speed fluctuations of the kind outlined do not seriously 
affect operation in ordinary industrial applications, they badly interfere with satis- 
factory electric lighting service and other operation requiring close regulation. To be 
on the safe side in cases of that kind, the designer has only one recourse: to make 
the fly-wheel, in the case of hit-and-miss regulation, at the outset twice as heavy as 
the computation (assuming a given value of 0 for full load, ie., without any miss 
cycles), seems to call for. Besides this, however, the greatest care should be taken not 
only in the design of the governing mechanism but also in the features of the mixing 
and ignition apparatus, in order to restrict the number of consecutive miss cycles to as 
small a number as possible and to insure that the first explosion following a period of 
retardation shall occur at the proper moment and be of full strength. But even under 
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Fig. 298—Tachogram, 100 H.P. Crossley Engine. 
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the best conditions, hit-and-miss regulation will require compara- 
tively large rotating masses in order to satisfy the closer degrees 
of regulation demanded to-day at all loads on the engine. 

As may be seen from the above discussion, the method of 
fly-wheel computation developed depends entirely upon the assumption 
that the small triangular areas x+y, which are a part of one quarter 
of the total uniform resistance (see Fig. 293) may be neglected in 
comparison with the positive work area A, In the case of the 
single cylinder 4-cycle and the old 6-cycle, this assumption is justi- 
fied; but the case is different in engines in which the crank travel 
between successive ignitions is shorter. With any given engine power, 
N;, the ordinate p» of the uniform resistance varies inversely with 
the length 6 of the crank travel. The shorter this travel, the 
greater this ordinate [see eqs. (5) to (5b)], and owing to this fact 
the area ratio ae increases very rapidly, almost as the square. 

Thus, while in the single-cylinder 4-cycle (@=720°) this ratio 
does not usually reach .01, in the 2-cycle and the tandem or 
double 4-cycle (@=360°) it has already increased to from .03 to 
.04, and in the case of the double-acting 2-cycle or the double- 
acting two-cylinder 4-cycle (8=180°) it even reaches .15 to .16. 
Such quantities can of course be no longer neglected, and in order 
to take them into account eqs. (16), (17), or (16a) and (17a), require 
the following modification: 

If, for example, a 4-cycle engine with a wheel rim weight of 
G lbs. is operated as a 2-cycle, the crank travel 8 between ignitions 
decreases from 720° to 860°, and hence a smaller weight of rim, 
equal to, say 2G lbs., is sufficient to maintain the former degree 
of regulation. Further, making the engine operate as a 2-cycle 
doubles the previous capacity of the 4-cycle machine, so that for 
the same 0 and the same WN; as before a rim weight. of only 
5xG=xG is really required. The factor x or x has very different 
values depending upon the length of crank travel, ie., upon the 
number of revolutions between ignitions, but is, on the other 
hand, little influenced by the shape of the indicator diagram, as 
was shown from a number of tangential effort diagrams. This 
fact makes it possible to regard x as a constant for the same 














operating cycles and similar cylinder or crank combinations. Eqs. 

(16) to (17a) then take the following form: 
«2125000 Ni(.75+0) y_ 
G= 5V2n lbs. ; (21) 
«__ & 2125000 Ns(.75 +0). 3 

Oe GV2n bec (22) 
kK 77.5 X107(.75 +0) Ni 

0 G=— -_— lbs.; ~. 2a 

: dD?2n3 a 
Ve A 

5—k 77.5107 C75 +e)Ni _ (22a) 


GD?2n3 
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For values of « for the usual types of engines and operating cycles, see Table 22. 
The figures there given were determined from the tangential effort diagrams of 
Plates V, VI, and VII. In the construction of these diagrams, Figs. 5, 6, and 7 
(Plate ID), referring to a Ko6rting engine for which D=14.95”, S=26.2”, and n= 
140 r.p.m., were used as the basis. The turning effort diagrams of Plates V, VI, and 
VII therefore strictly apply only to one engine for which the indicator diagram showed 
o=.33, but it is permissible, from what has been shown, to regard the values of « in 
columns 5, 6, 10, and 11 of Table 22 as sufficiently accurate for all practical compu- 
tations. For comparing the respective values of the coefficient « the 4-cycle machine 
has been considered as the standard of reference. The values of « for the other 
types and combinations show directly how much more favorable are the governing 
ecnditions in these cases. Columns 6 and 11, giving the values of kg and «4 referred 
to the same engine capacity Ni, are the best to use in making direct comparisons, 
especially if it is desired to determine the saving in fly-wheel weight due to a given 
combination of cylinders. 

The disadvantage of the single-acting single-cylinder 4-cycle engine with respect to 
fly-wheel weight necessary for a given engine capacity and coefficient of regulation is 
clearly apparent from columns 8 and 13 of the table. 

For this type of engine, with d=7, and V=65.8 ft. per second, a fly-wheel weight 
(including weight of arms) of 148.5 lbs. per I.H.P. is required. To satisfy the same 
requirements in a single-acting 2-cycle cylinder requires only 59.6 lbs. per I.H.P.; in a 
double 2-cycle, according to combination No. IV or VI (see table), it requires only 
12.5 lbs.; and in a three-cylinder 2-cycle only 5.94 lbs. per ILH.P. Compared to this 
last value, even the three-cylinder 4-cycle still requires 33.7 lbs. per I.H.P., that is, a 
fly-wheel weight about six times greater. 

With the aid of double action, the coefficient of regulation in the single-cylinder, 
single-acting 4-cycle improves in the ratio of 148.5 to 91.3 (see Table 22, column 8), 
that is, by about 38%. That in itself is considerable, but is only one half the amount 
gained by making the single-cylinder 2-cycle double-acting (from Table 22, column 13, 
59.6 — 15.6 

59.6 
double-acting 4-cycle and the single- or double-acting 2-cycle are the types of engines 
most often met in competition. Between these the following relations exist with 
respect to the coefficient of regulation, as taken from Table 22: 


the gain is= =74%). In the building of large gas engines at present the 


4-CYCLE. 2-CYCLE. 

Single Acting. Double Acting. Single Acting. Double Acting. 
1.000 615 401 106 
1.626 1.000 652 172 
2.494 1.533 1.000 204 
9.434 5.802 3.783 1.000 


Table 23 following, based on the preceding discussion, has been constructed for 
practical use. The quantities .9G; and GD? were determined from eqs. (16) and (21) 
or (16a) and (21a), using the assumed average values of x, 0, V, and n, as given. 
For any conditions not given in the table the desired results may easily be obtained 
directly from the proper equations. The constant C results from the contraction of the 
factors 


PTS CHT OTS tp On eee he ieee > MOR 
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TABLE 22 


REGULATION FOR VARIOUS CYLINDER COMBINATIONS, ASSUMING V=65.8 Fr. PER Sec., 
d=qy, AND p=.33. 

































































1 we 3 4 5 6 7 8 9 | 10 | 11 12 13 
38 4-cyCLE ENGINES. 2-cYCLE ENGINES. 
a a 
Hele = ; 
aI a 2 R a 
Bo Ean Mest a gent epee eae 
& o 8 au ©) o 8 s oO > 
dm Eo a : an) > 
K > H o > On Oo ow 
=,¢ E 22 sl 4 S2| 8s | &b 
S) ; oS mA aie = & y aA wn oS) “3 
tes 3 c=] ey || Sues | 3 SpE eee |& 
s. 8 3 ee ee ea 3 EB] Bo | asin 4-cycle , ol é 
eS nS Oo pa a2] ae * BS &- | Engine, which 8 | 
8 3 a2 oe ae wi | 4s E 1 | 23 |istaken=10) & | 
E 235 S aa | a Ss | ge q S 
a 'S) A é) Ky i Valse | deste i Ke Ky HE. |) bs 
I ll 1 720 | 1.000 1.000, 65.8) 148.5, 360 | .802| .401 | 131.6] 59.6 
| 
Il pA 1 DOP LSONeLezoOle olan oles 91.3) 180 .424| .106 | 263.2} 15.6 
I | SSaesq 2 360 .796, .398) 131.6] 58.8) 360 | 1.595} .399 | 263.2) 53.8 
v| Ces 2 540 180| 1.290 .645| 131.6 95.6 180 | .335] .084 | 263.2) 12.5 
| | | 
V =a 2 360 .792| .396) 131.6] 58.6) 360 1.602) .401 | 263.2) 59.6 
| 
VI oa 2 540 180] 1.290 .645) 131.6) 95.6) 180 16600) 084 | 263.2)" 1225 
VII | =" 3 240 .678|  .226| 197.4) 33.7| 120 | .237) .0395) 304.8] 5.94 
=] 
a! | | 
Vill a 4 180 .335| .084| 263.2) 12.5 
| | 
IX Ss 4 180 .335| .084| 263.21 12.5 
] 
































For the double-crank 2-cylinder opposed engine (@=360°) the values of combination No. V, and for 
the 4-crank, 4-cylinder opposed engine (?=180°) the values of combinations Nos. VIII or IX are nearly 
exact. . 


from eq. (16a) or (21a) assuming 9=.35, and taking the proper value of « from Table 








22. With this simplification the rim weight required for a given machine with p=.35 
is then 
GOS eer: aes (24) 
0D sn? 
and the moment is 
2 CN. 
GDs=~ 3 ft.-lbs<otees tay > Se eerie . (24a) 
Hence 
0 Ni 
= ney eM St ee. 3! ogy annedag ete tate conte manines 
C  GDin3 ey 
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Equations similar to the above, involving a constant C, are well known in steam- 
engine design. The mean rim velocity V=65.8 ft. per sec., upon which the results of 
Table 23 are based, is good for horse-powers up to about 15 or 20. V increases 
gradually with engine capacity to the limiting value of from 120 to 130 ft. per sec. 
(see p. 234). As will be seen from eq. (21), since V enters as the square , any varia- 
tion in its value will have a marked effect upon the value of G. Hence the importance 
of the proper choice of rim velocity is apparent. The set of curves on Plate VII, the 
use of which is there explained, will be found of great utility in this respect. 


TABLE 23 


REQUIRED FLY-WHEEL RIM WEIGHT AND MOMENT Gp? FOR V=65.8 Freer per Szc., 
n=200 R.P.M., 0O=q5, 02=.35 AND x FROM TABLE 22. 









































1 2 3 4 5 6 7 8 9 10 
4-cyCLE ENGINES. 2-cyCLE ENGINES. 
oi Sia o q om Ses 5 | 
(2) Qy es [o) on . 
Number of = oa sai & = owe “Ss & 
Cylinders and > iS a © oi oT 
TCniaks ieee >, | Be ape oe 6 | SP ne 
5 Goae iy oe os =) . ° 
; | spe es SB jes | fa | 38 
3 42 «gh |. = a “2 So oft Ss 
5 2A Bee AR am 2A 22H ar 5m 
a 'S) oa S ‘s) 'S) % S 'e) 
Single-acting 
Types. 
To 1 ceyl.5 dncrank: 720 133.5 | 4265 | 85.310") 360 Soul L710) - | 34:2 107 
II | 2cyls., l crank (540 180 86.2 2745 4.951107) eee Bec Mia seer 
III | 2 cyls., 2 cranks 360 53.0 1695 33.9X107} 180 11.2 358 | 7.16107 
IV | 3 cyls., 3 cranks 240 30.1 O62 Or Gli Miers: ; ; Sle 
V | 4cyls.,2 cranks | 180 11.2 358 7.16 X 107 
VI | 4 cyls., 4 cranks}, 180 11.2 358 7.16 X 107 
Double-acting 
Types. 
VII | 1ecyl., lerank |540 180) 82.3 2620 | 52.4X107) 180 14.2 452 | 9.04107 
VIII | 2 cyls., 1 crank 180 11.2 358 (LOS CLOF reer Shee See ae 
IX | 2 ecyls., 2 cranks 180 11.2 358 GAG>G1O! 90 2.0 68.5) 1.27107 
X | 4 cyls., 2 cranks 90 2.29 Piha) BRC ES ea am Ren rae aid 
f | 











Under normal conditions of operation fly-wheels are commonly designed for the 
following coefficients of regulation: 


For ordinary power purposes and similar installations. ... d= 3/5 to z'y 
For electric lighting service (without storage batteries) with 

direrh-current eenerators ini. haemo ves set 3 0= 7, to 
Alternating-current generators . 2... i eee ee O= ts to zhy 


In case of operation of generators in parallel! and for direct connected generators, 
these values of 0 should be further decreased by from 30 to 60%. 


1¥or thorough discussions of this question, see Zeitschrift d. V. D. I., 1904, p. 793, and Electro- 
technische Zeitschrift, 1902, No. 14. 


232 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


2. Determination of Dimensions. 
Fly-wheel Designs. (See also the examples 
shown in the Plates of Part III.) 





Fig. 299.—Fly-wheel, 6 H.P. Banki 
Engine, Ganz & Co., Budapest. 





n= 300 r.p m. 


(The projecting balance weight de- 
stroys the symmetry of the wheel and 
bothers while starting. The necessity 
for such weight should therefore be 


avoided.) 





ify 







Fic. 300.—Hub and Belt Pulley for Wheel shown in 
Fig. 299. 


Lal 


(The purpose of dividing the hub is to avoid casting 
stresses in the arms. The joints are filled in and the 
shrink rings put into place before the hub is bored.) 

















> 957.9 4! 
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of eee 





Fic. 301.—Fly-wheel, 25 H.P. Wenzel 
Engine, Fr. Zimmermann A.-G., 
Halle S. 


o> 






D=13.4”, 
Sieg 
n= 160. 


(The cutting away of metal in that 
part of the rim on the same side with 
the crank serves to help balance the 
rotating parts. Notethe strengthening 
of the arms where the belt pulley is 
attached.) 


Pulley 25. 
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Fria. 305.—Hub of a large Armature Fly-wheel. 


Diameter of wheel 14.75 ft., face 24’’. Wheel 
is drawn into place by means of four 14” scrows 














= com cre which are held in a two-part ring let into a groove 
Oh ie es PS GY in the shaft. This is for the pur te i 
he s ; pose of insuring 
LeDgie 5 1 4 i proper seating and true running. 


Figs. 302-304.—Fly-wheel for a 400 H.P. Crossley Engine. 


On account of the unusual width of face, the arms are made [= section. Rim connection is made with 
5 bolts on the inside and 3 countersunk links (a) on the outside. 


Constructive Details. The static computation of fly-wheels and especially the 
check computation regarding the stress relations chosen is possible only on the basis 
of a number of more or less arbitrary assumptions, since neither the magnitude of the 
stresses cecurring nor the method of their action and distribution in the wheel can be- 
definitely determined. To be on the safe side, the most unfavorable set of conditions 
among those that may occur should be chosen, and the dimensions determined accord- 
ingly. Besides this, the allowable stress, especially in the arms, should be kept low. 
In this respect it should be noted that the stress in the arms, due to the constant 
energy exchange between wheel rim and crank, becomes a reversing stress, varying 
from a positive to a negative maximum value. 

The weight of a wheel rim having a cross-section of fsq.in. and a radius of RF ft. 
to the center of gravity of the rim cross-section may be expressed by 


ga? BP? _ 19.63 Rf Ibs., Ak ee, Sale ee Or) 


in which 450 lbs. is the weight of cast iron per cubic foot. A given weight, @ lbs., 
therefore requires a cross-sectional area in the rim of 


G , 
a 7. eee se 
if 10 GOe ee GS (27) 


The diameter D, of fly-wheels, to the center cf gravity of the rim cross-section, is 
usually taken at from 4 to 5S, or R=2 to 2.58. Large engines, however, sometimes 
compel the use of R=3 to 3.58. The maximum value of Ds depends upon the 
allowable value of the rim speed, which may be found from 


Van = Yo hides DOINSECs, Net caylee) Geter ey as SD 
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in which Kz may be taken at 1700 lbs. per sq.in. for cast iron, and 7=specific gravity 
of cast iron=7.25. The allowable velocity therefore is 





2.31 X 32.2 X 1700 


Vinax = 7.25 





= 132.0 ft. per sec. 


This limiting velocity, however, should be approached only in extreme cases, because 
the fly-wheel rim is not only put under a tensile stress equal to 


6o= OOT2Y 2 Ths. DEE SQuNG,~ ooo.) Skt se ace ur ee 


as eq. (28) assumes, but it is subject also to considerable bending stresses due to the 
action of the arms. Hence the value V=100-110 ft. per sec. should not. usually be 
exceeded. 

The number of arms used in cast-iron wheels is usually six, unless the wheels 
exceed 10 ft. in diameter, when eight are employed. For widths of wheel face greater 
than 15 in., either arms of special cross-section or double 
spiders should be used. The dimensions of the arms depend, 
on the one hand, upon the bending moment due to the 
tangential force P (Fig. 306), and, on the other, on the 
tensile stress induced by the centrifugal force in the rim. 
The bending moment does not reach its maximum value 
owing to the pull of belt or rope, but owing to the inertia 
of the wheel rim should the engine be suddenly started or 

Fic. 306. stopped. If we make the assumption! that at the moment 

of starting the maximum crank effort T¥,., occurs when the 

wheel is standing still (V=0), a condition strongly improbable and with certainty always 

preventable, the inertia of the wheel rim will cause at the hub end of each one of 
the arms (7 in number) a bending moment equal to 





fe ee 
My=—,! in.-lbs. Pe PI Eee yh a 


The bending stress then will be 


Be pe 10 Mp 
W = 008202b~ gap (bs persqim., . . . . . . . (31) 





9% 


in which a is the major and b the minor axis of the elliptical cross-section of the 
arms at the hub end. It is also here assumed that the radius of the center of gravity 
of the rim section belonging to each arm is FA instead of Ao. In reality Ro=.94 to 
.96 R, that is, Ro is from 4 to 6% smaller than R. 





1It would seem at first sight that the bending moment on the arms would be a maximum when, 
under full velocity (Vmax), owing to pre-ignition, the crank suddenly receives an impulse in a 
direction opposed to the direction of rotation. In actual operation this is not the case, since early 
ignitions with full development of explosion pressure (Pz) can only occur near the dead center. But 
the turning moment produced by them in these positions is always less than the bending moments 
due to-the maximum tangential effort. 
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Too great tapering of the arms should be avoided; a good rule to follow is to 
decrease a by .18 Rin., and 6 by .10R in. for the rim cross-section of the arms, 
where Ff represents the radius of the wheel in feet. 

The centrifugal force due to the part of the rim belonging to each arm is 


MV? _GV? _.031GV? _.00034 GRn? 
ih. gtk: 4 Vetk i 





ID Sig = eed eae A (52) 


This force tends to rupture the arm in tension at its weakest place. The resulting 


tensile stress is ee Ibs. per sq.in., which for elliptical arms is 
a 


Je 


0 ibga per sq atts... j Gye i Tao) 


wee 
~ .7854ab 


The maximum tensile stress usually occurs at the outer ends of the arms. If, 
however, the arms should be weakened in any way, as for instance, by the drilling of 
holes for the bolts fastening the belt pulley, a check computation of o» and oa is to be 
carried through for these cross-sections.! 

The connections of split wheels are subject mainly to the disruptive action of the 
centrifugal forces acting normally to the plane of division. It is important therefore 
that these fastenings take up this stress as directly as possible, i.e., without setting up 
any considerable bending moments. Since the load produced by these forces is never 
equally distributed over the rim and hub connections, and since there is no means of 
determining what this distribution is in any given case, the usual method is to make 
each of these connections strong enough to safely 
withstand by itself the centrifugal forces on one- 
half of the wheel. Shrink rings or similar means 
should not be depended upon to any extent 
because, even with the wheel at rest, they may 
be already stressed to the elastic limit. 

The sum of the centrifugal forces acting on 
the connections of a divided wheel consists of 
those (Cx) due to half the wheel rim and those Fics. 307 and-308. 

(Cz) due to the arms of one half of the wheel. 
Both of these should be referred to the plane of division and considered as acting at 
their respective centers of gravity. Thus, with reference to eq. (32) and Figs. 307 and 308, 





Cz =.00034 Rn x2 00011 aioe A tes. aw ABA) 
and for each arm of weight Ga, 
Cee aa Galgne. Oil GMOS met te or! lei hea se > oh ¥u ce lo AO) 


1TraNSLATOR’Ss Nots. In many cases designers also check the hub end of the areas for tension 
due to centrifugal force and add this tensile stress to the bending stress as found from eq. (31) to 
find the total maximum stress. 
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For the middle arm sina=sin 90°=1.0. For the two side arms sin a=sin 30°=.5 
when 7=6, and sin a=sin 45°=.707, when i=8. The total centrifugal force due to the 
three arms will then be, referred to the plane of division, when 7=6, 


Ca=.00034 Garon?(1+2X.5) =.00068Garon? Ibs. . . . . . . (85a) 


and when i=8, 
Ca=.00034 Garon? (1 +2 X.707) =.00082 Garon? lbs. Pema fe (O50) 


The sum of the forces acting on the connections will therefore be 
D(C) = Cpa Galbs. 2. 4 VE ee 


The method of computing the stresses existing in the connections will be shown 
by the following numerical example. This shows that under certain circumstances 
these stresses may be quite considerable, and in properly taking care of them the 
designer is limited by the fact that for large values of R or V the joint should be 
made as light as possible to avoid additional centrifugal stresses. If this cannot be 
readily done, it is better to cast the rim in one piece and divide the spider only. 

No computation is possible for the hub. Experience has shown that the following 
dimensions are satisfactory: 

Length of hub=1.5to 2.5d (the latter value only in small engines) and external 
diameter =2 to 2.5d, where d=shaft diameter. 

It is usual to core out the middle of the hub for about one third of its length. 


Example. Computation for a split wheel for an engine having a diameter of cylinder 
D=17.7", stroke S=23.6”, n=160 r.p.m., coefficient of regulation d= 7). The tangential effort 
diagram shows an excess area equivalent to 54 200 ft.-lbs. of work. 

Then from eq. (9), p. 218, the necessary weight of rim will be 


G= 





2900 A _ 290054200 
3 s. 


(Rn)? . py(RX160)? 
Making R=2.5 S=2.5 X 23.6” =4.92 ft., which corresponds to V=82.6 ft. per sec., we have 


2900 x 54200 
Py (4.92 X 160)? 





=10 200 lbs. 





Assuming that one tenth of this weight is due to the arms, only 3% X10200=9180 lbs. needs to 
be furnished in the rim. 
The cross-sectional area of rim required for this weight is from eq. (27), p. 233, 


Grain: 9130 
19.63R 19.63X4.92 





bi 





=95.5 sq.in. 
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This has been amply provided for in Fig. 314. After laying down the dimensions of the 
hub according to the empirical data above given, we proceed to compute the stresses in the 
arms. With the dimensions given in Figs. 309-316, we find these as follows: 


Tmax =-9 Pz2=.5 X 280 D?=.5 X 280 X (17.7)? = 44000 lbs. 


SSPE ASHE AI/ S550 



































Fries. 309-316. 


(Recess a may be filled with lead when balancing the wheel. The two parts of the rim lying in the plane 
of divisions are not thus cut away.) 


Maximum bending moment at the hub cross-section of arm therefore is, from eq. (30) 


44 000 X .985 : 
ee oe -lbs. 
Mo 6X4,92 49.5 =72 800 in.-lbs., 
from which 
9 
06 = LN a 1340 Ibs. per sq.in., 











ab (9.42)? X6.1 


which may be considered safe. 
The centrifugal force of one-sixth of the rim is 


C =65 000 lbs. 





_ 00034 GRn? _ .00034 x 9180 x 4.92 x (160)? 
Beets eee 
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The tensile stress induced in the cross-section of the arms near the rim by. this force is 


65000 


c= "7R54X847XE7 =1750 lbs. per sq.in., 


which, in view of the extreme assumptions made, may also be considered safe. 
To obtain the stresses in the joints we proceed as follows: The weight Ga of each arm is 
about 550 lbs., and r>=2.46 ft. Hence, according to eqs. (84) and (35a), 
Cr=.00011 Rn?G = .00011 X 4.92 X 160? X 9180 = 127000 lbs., 
Ca= 00068 (ar yn” = .00068 X 550 X 2.46 X 160? = 23600 lbs. ;. 


=(C) =127 000+ 23 600=150 600 lbs. 


Assuming the most unfavorable condition, i.e., neglecting the shrink rings and the rim 








: E 150 600 
connection altogether, each of the four 23” hub bolts will have to carry “ =37 700 lbs. 
; : ; 37 700 
This causes a tensile stress over the cross-section at the bottom of the thread of RET = 


12 900 Ibs. per sq.in. The real stress is of course considerably less than this. 
The two rim connections, with the same unfavorable assumption, are each loaded with 


FOO eOO 15 300 16e: 





Key. This is under a bending moment 


ve 75 300 





X3.34=62 900 in.-lbs.; 


hence the bending stress 


_ 62.9006 
1.77 X (5.55)? 





Ob = 7000 lbs. per sq.in. 


There is also a shearing stress equal to- 


75 300 


LTT XB DS = 3850 lbs. per sq.in. 


Ko 


With a stress ratio of “13K, 


~1.0 (for soft steel), the resultant stress will then be, in the 


most unfavorable case, 


or =.35 X 7000 + 6570002 + 4(3850)? = 9200 Ibs. per sq.in. 
Link. This is subject to a bending moment 


73 500 





Mo= X1.85=17000 lbs. per sq.in., 
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from which bending stress 


17000 X6 


o=>—S 
3.15 x (3.54)? 


= 2600 Ibs. per sq.in. 


The shearing stress also occurring is 


75300 
2X3.15 X3.54 


= 


= 3390 lbs. per sq.in. 


Both of these stresses are so low that it is not worth while to combine them. 
Ends of the Rim. The bending moment is 


37 650 
Mo oe X 1.85 =8700 Ibs. per sq.in. 


8700 X6 
and a =790 lbs. per sq.in. 
lil SO 
"x (4.91)? 


“ 


The shearing force, considering it as single shear distributed in this case over two surfaces, 
Se at 
each 4.91’ X age is 


75 300 
8.77 —3.3 
2 


t= 


= = 2800 lbs. per sq.in. 
2X 4.91 ( 


~ 


F ; F : : 1G 
For the case in hand (cast iron, rectangular cross-section) q@ is approximately —, =1.3, hence 


the resultant stress is 





or = 385X790 + .65V 790? +4(1.3 X 2800)? =5 000 Ibs. per sq.in., 


which, in view of the very unfavorable assumptions made, is perhaps just safe. The pressure 
between rim and key is 


37650, : 
Spr scocg O00 tbs. per sq.in. 


That between link and key is 


75300 


T7731 13500 Ibs. per sq.in. 
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X. Governors 


1. Methods of Governing. Neglecting certain methods of regulating the speed of 
automobile engines, consisting in varying the point of ignition, entire suppression of 
the spark, varying the size of the compression space, etc., the methods of governing 
4-cycle engines may be divided into three fundamentally different groups: 

(a) Hit-and-miss Governing (ratio of air to gas and quantity of charge per cycle 
remain unchanged). This method may be carried out in any of the following ways: 

Keeping the fuel valve closed (operation of inlet and exhaust valves normal). 

Holding the exhaust valve open (automatic inlet valve remains closed). 

Keeping the inlet valve closed (operation of exhaust valve normal, decided 
vacuum during suction stroke). 

(b) Governing by Changing the Quality of the Charge, diagram Fig. 317 (quantity of 
charge constant and ignition regularly every fourth stroke). 

This may be carried out by: 

Changing the lift or duration of opening of the fuel valve, or changing the lift or 
duration of opening of the air inlet valve (the fuel valve being automatic); or 

Drawing back burned gases to dilute the charge (gas and air valves, or inlet 
valve, being automatic). 

(c) Governing by Changing the Quantity of Charge, diagram Fig. 318. (Fuel mixture 
of constant composition, ignition every fourth stroke.) This may be carried out by: 

¥orcing a part of the combustible charge back into the suction mains; or 
Varying the moment of closing the inlet valve; or 
Throttling the charge during the entire suction stroke. 










Normal Diagram Normal Diagram 


} Governing or Regulation 
Governing or Regulation Diagram 


jagram 
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Pras live Fig. 318. 


Two-cycle engines of small capacity and also those using liquid fuels may be regulated 
according to method (a) by temporarily cutting out the gas or oil pump. For the larger 
2-cycle machines method (b) is commonly employed, adjusting the quantity of fuel gas 
furnished to the cylinder by changing the delivery of the pump (by means of throttling 
the suction, forcing back a part of the charge into the suction mains, etc.). In this 
case, if the pump does not force its charge directly into the cylinder but into an 
intermediate receiver, there is apt to be a lag of two or three revolutions before any 
given governor action commences to affect the power generated. 

The complete application of method (c) to scavenging 2-cycle engines fails on 
account of the fact that even at the minimum loads the cylinder must be completely 
filled with air, which can be only partly forced back again. Methods (6) and (c) may, 
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however, be used in combination in 2-cycle engines having inlet valves (not merely 
inlet ports controlled by the piston) by using (c) for the upper ranges of load, forcing 
a part of the mixture out of the cylinder, and using (6) for the lower loads, governing 
by regulating the quantity of fuel gas. 

In general, for 4-cycle engines using gas or gasoline, the hit-and-miss method of 
regulation is most economical, because it permits of the retention at all loads of the 
most favorable mixture and the most efficient maximum degree of compression. The 
method, however, possesses the disadvantage that with varying loads there is a consider- 
able variation in speed (see p. 228), and it should therefore be used, especially for 
the larger engines, only when the coefficient of regulation may be as high as 0244. 

In the case of kerosene and alcohol engines, hit-and-miss regulation is usually less 
efficient because, owing to continued miss strokes, the temperature of the cylinder and 
vaporizing chamber may decrease to such an extent as to lead to a condensation of 
the fuel vapor on the walls, thus causing not only a fuel loss but also fouling the 
engine. 

Methods (6) and (c) are usually considered ‘ precision’’ methods of governing. In 
this respect the third method is somewhat better than the second, because in this the 
mean negative pressure (compression stroke) increases or decreases simultaneously with 
the mean positive pressure (expansion stroke), which in turn affects the variation of 
the tangential turning effort in a favorable sense. On thermal grounds (b) is prefer- 
able to (c) on account of the fact that the former at all loads works with constant 
compression, while the latter operates with decreasing compression under decreasing 
loads, and hence at smaller thermal efficiency. 

The advantage of the higher compression in the second method is, however, con- 
siderably overbalanced by practical disadvantages. The lean gas mixtures incident to 
the lower loads are in themselves hard to ignite, and on that account burn only 
slowly and incompletely. The heat losses due to this state of affairs are further 
emphasized when the gas content of the charge is regulated by controlling the time 
of opening of the gas valve. Owing to the shortening of the time available for 
diffusion, the naturally lean mixture is but imperfectly formed and the result is 
incomplete combustion (see Part V). For these reasons method (c) is therefore gener- 
ally better than (b) also on economic grounds. Other advantages of the third method 
are that it may be carried out with much simpler mechanical means (throttle valve); 
that with decreasing compression the frictional resistances also decrease; and that, 
owing to the high vacuum in the cylinder during the suction stroke, the lubricating oil 
is more apt to reach the less accessible parts of the piston, which of course betters the 
mechanical efficiency. 

The system of speed regulation introduced by Letombe is in a certain sense a 
combination of methods (b) and (c). In this system the degree of compression is 
changed at the same time with the gas content of the charge, but in the opposite 
sense. Accordingly the leanest mixture is under the highest compression, which latter 
may be forced correspondingly high without danger of pre-ignition. On the other 
hand, although the richest mixture is under least compression, the ratio of expansion 
is increased, thus drawing down the otherwise unfavorably high terminal pressure and 
temperature (see description of engine in Part IV). 

Several attempts have also been made at various times to carry out the third 
method of governing with constant compression ratio,—an idea which on thermal grounds 
is quite correct. This scheme requires that the compression space must change with 
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the load in order to. keep the compression pressure at the same point. These attempts 
have as yet not resulted in any successful constructions, although one of the older 
automobile engines worked on this principle for some time.! 

In order to maintain a constant thermal efficiency for all fuel ratios it is not only 
necessary to regulate the degree of compression, but the point of ignition should also 
be adjusted at the same time to correspond with the particular gas content of the 
charge. Such adjustment, when attempted at all, has so far only been made when 
disturbances in the operation of the machine showed that something was wrong, and 
in such cases only by hand. Lately, however, attempts have been made to put the 
time of ignition under governor control. It must be admitted that such automatic 
regulation of the time of ignition is very difficult to properly carry out owing to 
accidents of operation. On the contrary, hand regulation of the spark serves its 
purpose very well and is consequently coming into more and more extended use for 
the larger machines. 

2. Construction of Governors. Hit-and-miss regulation does not demand any great 
refinement in the governors used to carry it out. In them, power, stability, and range 
of movement are of almost no importance. It is necessary merely to cause the 
machine members employed to periodically interrupt the charging action to assume one 
or the other of two positions, which action usually does not call for any considerable 
expenditure of energy or constancy in the operation of the governor. For this reason 
this type of speed regulation may be carried out by simple swinging or oscillating 
members, which, having a certain freedom of movement, are forced out of their 
normal position by their own inertia. Of this type are the so-called 

Pendulum Governors. 





Fig. 319.—Fundamental Types of Pendulum Governors. 


Of the fundamental forms of this type of governor shown in Fig. 319, form a 
shows the simple hanging pick blade, 6 the hanging bell-crank pick blade, and c¢ the 
guided bell-crank pendulum. In all three forms the blade acts downward. Form d 
illustrates the bell-crank pendulum with hook latch arrangement working upward; e the 
guided bell-crank pendulum with horizontal blade; f the simple guided horizontal pick 
blade; g the double armed horizontal pick blade, and h the simple hanging pick blade 
governor working upward. Simple pick blades, just before their engagement ‘with their 
respective valve stems, are thrown out of their normal position by interfering with 
fixed contact pieces, and are brought back into normal position at constant speed 
either by their own inertia or by spring pressure. Guided pendulums, on the other 
hand, are thrown out of their normal or engagement position by their own inertia 
only after Nyx has been exceeded and their deflection is consequently considerably 
less than in simple pick blade governors. 


1See Giildner, Fahrzeugmotoren fiir fliissige Brennstoffe, p. 34. 
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Designs of Pendulum Governors: 





Fig. 320.—Gasmotor- 
en-Fabrik, Deutz. 


(At max. speed the 
weighted pendulum 6, 
which is fastened to 
the valve rod a, lays 
so far behind that on 
the upstroke c fails to 
latch.) 
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Fig. 321.—Pendulum Governor, Krupp-Gruson- 
werk. 
(Blade a, at nmax, is thrown above block c 


by the action of wedge b. See Figs. 238 and 
239.) 
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Fig. 322.—Pendulum Govern- 
or, Wenzel-Zimmermann. 


(The pendulum }, carried by 
the exhaust valve rod a, pre- 
vents the closing of the valve 
when mmax is reached. Coun- 


terweight c and deflector d are 
adjustable. ) 
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Va. 323.—Pendulum Governor, Crossley Bros. 


(Pendulum 6, carried by valve lever a, at mmax, lags 
behind far enough to cause blade c to miss the valve 


Fig. 324.—Pendulum Governor, Delamare-Deboutteville, old Type. 


(Pendulum a is carried back and forth by b. 
the right hand end of the blade c. 


At mmax the notch at the lower end of a fails to engage 
The left end of the latter drops down and misses the stem d. Fig. 237 


shows another construction due to the same designers. Here the pendulum fis moved up and down with 


the valve lever d’e. 


The air pressure produced in the dash pot h deflects the vertical blade to the right, and 


at mmax causes it to miss the stem of the gas valve b altogether. Latch g holds f in this position until the 


former is unhooked in the highest position of b! The speed may be controlled by adjusting the small escape 


valve 1.) 
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Details of Construction. To base the design of pendulum governors upon the laws 
of motion applying to the case does not offer a satisfactory solution and does not 
obviate subsequent trying out.! For that reason it is safer to depend upon judgment 
and feel and to provide, at least in the first models built, sufficient range of adjust- 
ment in those details of the construction upon which the action of the governor 
depends (length and weight of pendulum, strength of spring, angle of deflection, etc.). 
In any case, the tendency among German designers is to use the pendulum governor 
only for the smaller sizes of engine; for the larger machines they justly regard it as 
too largely subject to accidental influences in its’ regular operation. Delamare- 
Deboutteville perhaps went further than any other designer in the application of this 
type of governor, applying it even to his older 1000 H.P. Simplex engine. 

The fact that hit-and-miss regulation calls for but a very small expenditure of 
energy, has led to the invention of the direct acting electrical hit-and-miss governor, an 
example of which is shown in Fig. 325. In this construction a centrifugal governor, 
when the speed exceeds the normal, simply closes 
the excitation circuit of a small electro-magnet a. 
This in turn attracts the pick blade b, pulling it 
out of reach of the valve lever c, and the gas 
valve d remains closed. The governor itself thus 
expends almost no energy. 

For the “ precision ’’ methods of governing, only 
Centrifugal Governors need be discussed, and, in general, 
the first thing to consider in their design is the range 
of movement of the sleeve or collar, power (energy) 
of the governor being a secondary item. Numerical 
constants for power necessary, which will be gener- 
ally applicable, cannot be given on account of the 
variety of the constructions used; a plain throttle 
valve, for instance, usually requires less power in the governor than a movable cam, 
but more than a valve roller working on a fixed cam. It therefore becomes necessary 
either to measure the power required to move the governing mechanism and valves, 
or to estimate it. In the latter case the estimate should be at least very liberal. 

In the case of all gases not absolutely clean, especially true of suction gases, the 
governing mechanism should be so constructed that a fouling of the controlling valve 
does not interfere with the governor operation. Butterfly valves, slides, and similar 
means which give good service when used with illuminating gas, soon cause difficulties 
when used with dirty gas in that deposits of tar or other incrustations seriously 
increase friction losses and finally prevent governor operation altogether. Such occur- 
rences may be avoided by making the governor act not directly upon the controlling 
valve itself but upon that part of the valve gear operating this valve. In this case 
the valve exposed to the gas is positively operated by the gear and not by the 
governor. See examples of this construction in Figs. 326-329, also p. 245, ete. 

The design of the centrifugal: governors proper follows the general theory. It will, 
however, hardly be necessary here to enter into any exposition of the principles 
involved, especially since the engine builder makes his own centrifugal governors only 
when compelled to.do so. For, unless peculiarities of construction in the engine make 
the use of stock governors found in the market impossible, it is cheaper to buy governors 





ia. 325.—Kilmarnock’s Electric 
Governor. 


‘See the investigation of M. Baraz on two of the older ‘types of Deutz pendulum governors in Z. d. 
VY. D. L., 1894, p. 1007. 
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“ 


of equally good grade from builders making their manufacture a specialty.!. In general, 
it is quite easy to avoid special construction. An exception to the rule we find only 
in the smaller machines where, on account of questions of low cost and the fact that 
close regulation is not a rigid requirement, only the very simplest governing mechanisms 


are used. For these machines simple inertia and shaft governors (see Figs. 330-334) 
are much used and serve their purpose sufficiently well. 


Details of Some Special Governor Constructions. 






































Fic. 326.—Governor Details for Large Engine, 
Maschinenbau-Ges., Niirnberg. 

(The gas valve, fastened to the wiper cam or roller 
lever a, is lifted through latch b’ by the eccentric rod 
b, until the roller c breaks the connection between b’ 
and a. Thevalve then closes under the action of the 
spring, the shock being absorbed by dash-pot f. 
Wiper cam d is supported by the bell crank e, whose 
position is changed by the governor, thus adapting 
the valve lift to suit the load.) 













































































Fias. 327 and 328.—Governing Details for a Giildner 
Engine. 


(The effective lift of the inlet valve is adjusted to the load by 
shifting the fulerum about which the inlet valve lever turns.) 





Fia. 329.—Governor Construction, Gas- Bays 
motoren-Fabrik-Deutz. Fig. 330.—K6rting Bros. 

(The governor shifts the position of the fulerum 
about which. the ree lever turns, ae ere 
changing the hft of the gas or air valve or of the 
i tare inlet valve, as the case may be.) block b’ engages and holds the exhaust valve lever c.) 


(Weight a pivoted to the larger gear of the two-to-one gearing as 
shown at Np 9x displaces the bell-crank lever b-b’ so far that the 


1'TRans~aTor’s Note. This entire discussion does not generally apply to American practice, where 
there are no firms making the building of governors a specialty. 
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Fies. 331 and 332.—Banki-Ganz & Co.- 
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Weights a, in the larger gear, are connected by a link 
b. At max the projection c forces the lever d out far 
enough to cause the latter to engage and hold the exhaust 
valve lever. 
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Fias. 333 and 334.—Shaft Governor, 6 H.P. Giildner Fias. 335 and 336.—Suspended Centrifugal 
Two-cycle Engine. Governor, 12 H.P. Loutzki Engine. 


The coefficient of governor regulation 0,, is often based on the difference in the 
number of revolutions per minute of the engine for the lowest, mean, and highest 
position of the governor sleeve. This agrees fundamentally with the general expression 


r= Nmax — Mmin = Nmax — min er oe ae ai) (1) 
n Mmax + min Nmax + Mmin 
y 


Governors bought in the market usually have a value of 0, varying from 2 to 4%. 
Although a small value of 0, is in itself of advantage for close governing, governors 
with small coefficients are apt to act not only under changes of load but also to react 
with the variation of the turning effort within one cycle. This leads to a _ restless 
governor play familiarly known as “hunting.” To avoid any possibility of its occur- 
rence, it is best to employ governors whose values of 0; may be changed within rather 
wide limits, say from 38 to 6%. 

As a criterion of the stability of centrifugal governors the so-called centrifugal 
curve! has lately. been extensively used, and some designers maintain that the degree 


1 TRANSLATOR’s Notr. By this is meant a curve showing the relation between the total centrifu- 
gal force of all the rotating masses involved and the distance of the center of gravity of the equiva- 
lent mass from the axis of rotation. A very clear exposition of the C-curves and their use, and of 
governors in general is given by M. Tolle, in Die Regelung der Kraftsmaschinen. 
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of stability of a governor may be reduced to the astatic or isochronous condition when 
this C-curve is a straight line. This, however, is not correct, since in the derivation of 
this C-curve it has been assumed that the effective masses of rotation are the same 
for all positions of the governor sleeve, a condition which does not hold true for any 
of the well-known governors. On the contrary, the value for the effective mass of 
rotation changes with every different sleeve position when the influence of the arms, 
levers, etc., upon the condition of equilibrium at every different position is correctly 
taken into account. 

Hence not the C-curve itself but a “‘ reduced C-curve,” taking into account these varia- 
tions, should be used as a basis of comparison; and it is only possible to reduce the degree of 
stability of a governor to the astatic condition when the latter curve is a straight line.! 

At any one position of the governor sleeve the total centrifugal force C must 
increase or decrease by a certain amount 4C before the governor can overcome the 
resistance P at the sleeve necessary to change the position of the latter. The ratio of 
AC to C is evidently a measure of the sensitiveness or of the sluggishness of the given 
governor, as one chooses to take it. The coefficient of sensitiveness, if we may so call 
this ratio, then is 

AC (n+4n)—(n—An) (n+4n)?—n? 
“a= a acs ee Mere tn iis \ By 


Evidently the smaller the internal friction of the governor the smaller the coefficient 
of sensitiveness and the more sensitive the governor. In general, ¢ should be as small 
as possible, but in any case it should be somewhat greater than the coefficient of 
fly-wheel regulation 0. If this rule, which is of special importance in 4-cycle 
machines, is disregarded, the governor will hunt constantly, a state of affairs that 
can only be remedied, as a matter of last resort, by oil dash-pots or other similar 
means. The best types of centrifugal governors bought in the market have a value 
of « varying from 2.0 to .5%. If now a governor of this type is applied to an 
ordinary stock engine, in which the value of 0 is generally from 2.5 to 4%, 
inevitable result is a reaction of the governor within each cycle, leading to~ ceaseless 
hunting, just as in the case of too small a value of 0, If there is uncertainty 
regarding the value of 0, it is best to use governors which allow of some adjustment 
regarding sensitiveness. 

Concerning hit-and-miss remalation: on the other hand, a centrifugal governor can 
hardly be made too astatic or isochronous for such service because the quicker such a 
governor changes from one extreme position to the other, the smaller will be the lag 
in the action of the governor and the less frequent will be the disturbances in the 
operation of the governor during the transition periods. The limit to the sensitiveness is, 
however, in this case also set by the fact that unnecessary hunting should be avoided. 

The greatest power of regulation, that is, the ability of the governor to most 
quickly attain the state of equilibrium corresponding to a new load on the engine, is 
possessed by that governor in which the equivalent sleeve lift hr is smallest in com- 
parison to the actual lift. The value of the equivalent lift is 





h Sum of all weights Xsquare of distances moved 
‘ Total energy 








To attain maximum power of regulation therefore it is necessary to have all masses 
to be accelerated and their range of movement as small as possible, that is, speed of 


1See the investigations of Jahns in the governor catalogue of Wilh. Rivoir, Offenbach M. 
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rotation and distance of the masses from the axis of rotation should be as large as 
possible and the path of the masses should be a sae line perpendicular to this 
axis. In the governors of usual design hf, varies from ,!;h (Jahn’s spring governor. C) 
to h, where h is actual range of sleeve movement. 

Tables 24 and 25 are intended to give some data which may serve as an aid in 
the selection of commercial centrifugal governors for a given service. The figures given 
for the force at the sleeve possessed by the different types are based upon the 
assumption that the speed changes 2%, that is, 4n=.02n. From this the coefficient 
of sensitiveness is 





The energy E that must be possessed by a governor to furnish the given toree P at 
the sleeve may be expressed by 


so that in this case 


The data furnished generally neglects the effect of governor friction upon ¢« or &, 
that is, ¢ is usually given too small. In more accurate terms, the available force P, 
and consequently the energy EL are expressed by 


P = Bee) Gecccet el) Bnd & ee 





If the shifting of the governing mechanism concerned requires an expenditure of work 
equivalent to say, A in.-lbs., the required power of a governor having a sleeve lift 
equal to h inches may then be found directly from 


A A ; : 
aoe or [jz (ct. lbs. : 5 ‘. . ° 5 ‘sce (5) 


In good spring governors, ¢-=.005 to .02¢, although in specially bad cases the 
value may go much higher. If, in general, the efficiency of a governor is expressed by 


hE = 





oe iy ee eee eee 5 cg cs. (EC 
we may from the above also write 
-_-4 (5a) 
fee heh > ¢ ee 


According to investigations carried on by Jahns and others, for a value of «=.04, the 
efficiencies of twelve governor types examined varied between 95 and 50%, showing an 
extraordinarily wide range. 

The data given for the force P in Tables 24 and 25 are based upon the normal 
number of turns stated. If this in any given case is different from the tabular value, 
for instance, on account of operating the governor from the half-time shaft, it should 
be remembered that P, as well as A and HE, vary in the ratio of the square of n. 


Example. Suppose that the work to be done in operating a given governor mechanism, includ- 
ing the reach rod from governor sleeve to the machine part to be moved, is found to be 56.6 in.-lbs. 
The governor is operated from a half-time shaft making 200 r.p.m. From Table 24 it will be seen 
that a Beyer governor No. 14 may be used for this work, since the power of this model is, owing 
to the reduction in speed from the normal 220 r.p.m. reduced to 

200? 200? : bed 


t= = os . am - 
A =a e 81. 8550 67.7 in.-lbs 
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It is assumed in this case that the governor friction is small, that is, that the 
governor efficiency 7 is correspondingly high. Since it is usually possible to only 
approximately determine the resistance to be overcome, and since the resistance often 
varies considerably owing to changed conditions of operation, it is always advisable 
to choose a governor that gives considerable power over and above what seems ac- 
tually required. 

In certain applications of internal-combustion engines, especially where such 
engines are used to drive generators, it is often one of the requirements that the 
revolutions of the engines can be changed by hand (for instance, during the paralleling 
of alternating current generators or the charging of storage batteries, etc.). This 
requirement is generally met by the governor manufacturers furnishing some means for 
increasing the resistances encountered, as spring balances, sliding poises, etc. In such 
manipulation of the governor the effect of the changed number of turns upon the 
coefficient 0 of fly-wheel regulation should not be overlooked. 


Figs. 337 and 338.— Centrifugal Governor, Franz Beyer 
; & Co:, Erfurt. 

The models mostly used in gas engines are Nos. 10 to 
15. In each of these, both nm and 0 may be changed 
within comparatively wide limits; the former by chang- 
ing the position of the nut on the spindle, the latter by 
increasing or decreasing the number of effective: coils 
of the spring. For this purpose the spring plate at the 
top is so constructed that it may be turned into or out 
of the spring. The number of coils and the value of 0, 
bear the following relation: 


Op= 2 4 6 8 10% 
No. of coils required=13.5 13 12.5 12 11.5 




































































This governor may also be used in a horizontal or 7 . 
in an inverted position. Ce Seen A 
TABLE 24 
~ | 
Beyer’s spring governor....... Size No. | 10 | 3] 12 13 14 15 16 | 17 
| | 
Revaper minutes a2: neon n| 300 | 280 260 | 240 | 220 | 200 180 | 160 
Mean force P at sleeve............ Wee egiseay cAe cd Oe | aletet) 20.9 | 29.8 42.0 59: De Sane 
Iitipot-sleeveni se. anther mee ert: rset (ae Bia ir 1.57 POTN 2 SON 27S) 3 N48 7B. 24653 
(Power Al Vian vars hha a nema in.-lbs.| 6.55 | 12.10 | 26.00 | 49.20 | 81.8 132 222 | 380 
: iP | 
Mean energy Fs, Sue eee ee oh ions lbs. 88 | 185 338 512 750 | 1100 | 1500 | 2100 
Main dimensions, inches, see Fig. 337. | 
J Vialomwy 10Gb esate ae i curd nes cae eh a-| 12.25 | 15.50 | 19.25 | 22.40 | 25.70 | 30.00 | 34.90 | 40.70 
Maxcah eights: Sopra mene acces nee b | 16.00 | 20.30 | 23.60 | 26.30 | 30.70 | 35.40 | 40.70 | 47.00 
Free length of spindle............... ¢ | 15-70 | 17.70 | 21.60 | 25.50 | 30.50 | 35.40 | 41.40 | 47.30 
Dianoftmspindle: aeeyai ete asa ee d OSm eaten iN ey i) By Lidell LC OMe 2236 alee 
Width of groove in sleeve............ e 87 95 1.02 1.18 L137 I aye MEATACE 2.36 
Groove dia. of sleeve. ........4..... i 1.57 UC) Apekey |) ess ll WAC aryl ebro at) fav 
Pixter diay Otisleevess asec. otek os g AeOt an |e ona4s eee 4 aso olan) oct albe Oo eLO 
Distance from center of sleeve to lower 
LENO area Woe os cia aat, ch eer a h aSkeye | ee sish |) Moiese | aLaR 1.57 IAAT GPa TG 45 OE 
Weight, without packing.......... lbs. 44 66 110 176 253 363 506 660 
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Fies. 339 and 340.—Centrifugal Governor, Hermann Hartung 
Nachf., Diisseldorf. 


Only the smaller models, up to say No. 98, are commonly used 
for internal-combustion engines. The number of revolutions n 
of the engine can not be directly controlled, but it may be in- 
creased up to 15% by the interposition of a spring balance be- 
tween sleeve lever and governor support. This governor is also 
built with all levers completely enclosed. 





TABLE 25 





Hartung’sspring governor. Size,No| 91 92 93 94 95 96 97 98 99 100 























Rév. per-minute: -. 2.4.24 =. n} 340 | 310 240 | 240 | 210 | 200 | 190 180 165 160 
Meandorce Rite) vi) 2. kane Ibs: -} 5:05) 7-05) (9.25112250)) 15.2 1/1906 12229) (25.3) 3352 soOEe 
hhift oftsleéver* anes See ins. .79 £98) 1.18) 1185 1.57 |) 197 2636 2276)" Salome 
Powerweer snc re in. lbs 4.0 6.90/10.9 |14.8 |23.8 |38.4 |54.2 |70.0 105 152 
Mean energy. 5.20.5 hese Ibs. | 126 176 231 312 379 489 572 638 832 | 1240 
@& | 10/45), 12220) 13.8" [15.05 16.5) 181) LOR 207 | 2620Mes0es 

610.907} 12 .80)) 24227 | Toe S625 ATES oO | 202 22a Saas 

e {19.7 1 21et | 230 | 238-7 20.6.9) 2756 3.6 30.6 1 8be55hooee 

Main dimensions in inches, d | 1602) LoL | Pie S8 Paes ST te Ae aeolet dls Locomia) eye etme mead 
see Fig. 339 e .79 #88 102) 91-26), 8.26) 1 -26)°1234)) 1-34) 1242 eso 
FO\ L825" LS89) TOT 2A e2E ST | 2057297 1S LS Nea einco) | meer 

g | 3.00} 3.08) 3.35) 3.75] 4.25) 4.35) 4.57] 4.73] 5.35)-5.90 

Ri) Veo Les) LE 89 20M e203 29219) 22) e229) | ES ees 





























Weight, without packing... ... Ibs. 55 75 115 134 185 | 229 286 | 370 | 505 | 700 























XI. Ignition Apparatus 


In present day internal-combustion engines ignition is produced in one of the 
following ways: 

(a) By means of incandescent or hot tubes, and in some oil engines also through 
certain highly heated places in the walls of the vaporizer. 

(b) By means of electric spark. 

(c) By heat of compression in conjunction with the heat returned by the cylinder 
walls. This method does not require any special ignition apparatus, and does not 
therefore have to be considered here. 

1. Hot-tube Igniters. Hot-tube igniters are usually made from small tubes having 
an internal diameter varying from 3 to 2 in. and a length of from 2 to 34 ins. These 
hot tubes, which may be made of porcelain, platinum, or wrought iron, are to-day in 
use only on small and medium sized gas and oil engines, but on account of their low 
cost, simplicity, and reliability are superior to electric ignition for that service. For 
gasoline engines the open flame usually employed to heat the tube may under certain 
circumstances be dangerous on account of the nature of the fuel used to operate the 
engine, while in large gas engines the hot zone of the tube is usually too far from the 
center of the charge and the hot surface is too small in comparison with the volume 
of gas to be ignited to give satisfactory service. Hence in either case electric ignition 
is better. 
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Designs of Hoi-tube Igniters: 








Fia. 342.—Method of holding 
Platinum Hot Tube. 





sue 





Fig. 341.—Commercial lorms of 
Porcelain Hot Tube Igniters. 
Carl Richter, Charlottenburg. 

















Fias. 346-348.—Burner with Chim- 
ney, for the Hot Tube on a Gru- 
sonwerk Engine. 

















(Boss a seats in the cylinder head, 
: : see Figs. 130-133, b rods su ting 
Fias. 343 and 344.—Iron Hot Tube with Fie. 345—Hot Tube with chimney,  Puinden Saener 4 amas 


Chimney and Burner, Loutzki Engine. Timing Valve, used on spreader, e slide for observing ad- 

(Chimney a together with lining c may one of the older Kért- justment of flame. The burner may 
be turned on the support b. Auxiliary ing Engines. be adjusted in the vertical, the en- 
air is supplied through d.  ¢ is an ordi- tire chimney in the horizontal 
nary Bunsen burner.) plane.) 


The hot tube should be so connected into the combustion chamber that the tube 
or passage can, during the suction stroke, be cleared as completely as possible from any 
burned gas, that only a good rich mixture is present at the mouth of the tube at the 
end of compression, and that the flame may spread freely in all directions and by the 
shortest possible paths. It is also essential that the inner opening of the tube be 
protected against water and lubricating oil which may stop up the narrow opening and- 
in the case of porcelain tubes may lead to breakage. 

As already stated, hot tubes are to-day used only for the smaller machines, and 
the usual construction is to use them without valves, that is, in constant communi- 
cation with the cylinder (open hot tube). The time of ignition in such construction in 
a way adjusts itself automatically, because ignition of the entire charge can only take 
place when the velocity of the mixture entering the tube is less than the velocity of 
flame propagation of the ignition flame.! The latter is formed when the fresh mixture 
entering the tube has compressed the burned gases remaining in the tube into the 
outer end and up to the hot zone. In the dead center-position of the piston the 





1 See Z. d. V. D. I., 1893, pp. 1425, 1615. 
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velocity of gas entering the tube has of course reached its minimum, the compression 
in the tube is the maximum, while the mixture has reached furthest into the tube. 
Consequently ignition of the charge will always take place near the dead-center 
piston position, provided of course that diameter and length of tube, position of the hot 
zone and the gas content of the charge have been properly adjusted. 

Hot-tube igniters with timing valve have almost entirely gone out of use. They 
do not offer, as shown, any marked advantage, increase the cost of the igniter. gear, 
and on account of the fact that the timing valve, which is exposed to the hot ignition 
flame, is easily thrown out of order, their use simply impairs the reliability of opera- 
tion of the machine. It is also possible in the open hot tube to adjust the time of 
ignition within comparatively wide limits. To avoid pre-ignition, for instance, it is 
merely necessary to shift the hot zone a little toward the outer closed end of the 
tube, or to slightly contract the inner opening. On the other hand, the timing valve 
is of service in that it prevents the dangerous pre-ignitions sometimes incident to 
starting. If these are also to be avoided with the simple open tube, it is always 
necessary to start with decreased compression. This precaution of course is especially 
important in engines which compress highly during normal operation. 

The flame usually used to heat the tube is simply a Bunsen burner. The latter 


should be adjustable in two directions, so that the hot zone may be produced any- | 
where along the tube, and so that the hot core of the flame may be brought further - 


away or closer to the tube (see igs. 346-348). When properly adjusted the burner 
should’ show a blue flame and the fuel consumption per hour should be from 5 to 
7 cu.ft. of illuminating gas, from .20 to .380 lbs. of gasoline, or from .45 to .60 lbs. of 
kerosene. In the case of illuminating-gas engines, the pipe line supplying the ignition 
flame should be taken off the main supply pipe ahead of the gas bag or other pressure 
regulator (see Plate VIII in Part III). 

2. Electric Igniters. What has been said with reference to the position of hot- 
tube igniters in the combustion space, applies with equal force to electric igniters. 
Although the electric spark has a higher temperature than the hot tube, the effective 
surface. is much smaller, and the proper position of the igniter is hence of even greater 
importance. Wherever the shape or size of the combustion chamber tends to interfere 
with the uniformly rapid ignition of the charge, it is better to use two or. even 
more igniters properly distributed. This also tends to increase the reliability of 
operation. ; 

Depending upon the source of current and the igniter mechanism, either a single 
spark or a series of sparks is employed. Stationary engines usually produce their own 
ignition current by means of simple electric generators and also produce the spark by 
operating suitable make-and-break mechanism. For automobile engines jump-spark 
ignition, used by Lenoir in 1865, has of late years come into extended use. Since 
the voltage furnished by the ordinary cell is altogether too low, it becomes necessary 
to step it up by means of induction. While automatic or mechanical interrupters 
(called tremblers) are sending a series of current impulses through the primary 
winding of an induction coil (spark coil), a series of sparks will bridge the gap 
between the two electrodes of the ‘spark plug” in the cylinder, which plug is con- 
nected to the secondary winding of the coil. This jump-spark, while not as strong as 
the make-and-break spark, is satisfactory for the ignition of the rich mixtures used. 
The life of an ignition battery consisting of four cells is approximately about 400 
operating hours, which is a comparatively short time. In place of these cells special 
storage batteries are now often employed for automobile-engine ignition. With a mean 
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voltage of from 4-5 volts in the primary circuit, jump-spark coils require from .03 to .06 
amperes for their operation, the engine making in the neighborhood cf 1560 r.p.m. 
For stationary engines, Jjump-spark ignition is considered unreliable and uneconcmical, 
and consequently has now been almost entirely displaced by magneto ignition. In the 
traction engines of Lehmbeck an indirect magneto system of ignition has lately been 
used in which the current from the Bosch magneto is sent through a spark coil, while the 
rest of the gear is like that of ordinary jump-spark ignition. This idea is not patentable. 
Designs of Electric-magnetic Ignition Apparatus: 









Igniter 
Block 
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Tic. 851.—Igniter Gear, Maschinen- 
bau-Ges. Niirnberg. 











(Eccentric shaft b is shifted about 
its axis by adjusting lever a, causing 
the latch c to snap off the armature 
lever at the desired instant. The 
operating rod is actuated by means of 


Fies. 349 and 350.—Bosch Ignition Apparatus, Stationary a crank with a throw of 1’, from the 
Armature. end of the lay shaft.) 





Fias. 352 and 353.—Stand- 
ard Bosch Ignition Plug 


for the Smaller Engines. 


pea Re 
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(The stationary electrode 


may also be insulated by 





encasing it in porcelain, 


soapstone or enamel.) 





1Transtator’s Nore. In this country a number of different jump-spark ignition systems are 
used. See any special book treating on the subject of ignition. 
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Fies. 354 and 355—lIgnition Apparatus with 
Adjusting Gear. Unterberg & Co., Stuttgart. 


(Bell-crank a, instead of swinging about the 











center of the armature as usual, moves up and 






Nl pe down following the camc. By means of adjust- 
KAT 5 Z 








ing screw b, the distance between a and the ver- 
tical line through the armature center may be 


changed, thus varying the point of ignition.) 














Fies. 356-360. — Water- 
cooled Ignition Block for a 





Large Blast Furnace Gas 
Engine, Maschinenbau-Ges., 
Niirnberg. 








(a, enameled stationary 
electrode made of steel; b, 





movable electrode made of 











Durana metal; c, hard rub- 














ber insulation; d, mica insu- 














lation; e, porcelain insula- 

















tion.) 


Fies. 361 and 362.—Igniter 
Gear used by Maschinen- 
bau-Gesell., Ntrnberg for 
Double Ignition. 


(When the rod a, through 
the bell-crank b, pulls the 
linkage cdd’ and the bell- 
cranks e and e’ to the left, the 
dogs f and f’ will turn g and 
g through 25°, after which f 
and /’ snap off. By. means 
of spindle A the fulerum 
spindle 7 of the bell-crank b 
may be shifted, thus adjust- 
ing the point of ignition be- 
tween —20° and +60° of 
crank-angle. Each igniter, 
however, may be adjusted in- 
dependently by changing the 
positions of fand f’ by means 
of the screws k and k’. 
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For magneto ignition the various types of apparatus built by Robert Bosch in 
Stuttgart have practically become the standard. The latest model, originally built for 
high-speed engines, has also found extensive application to stationary engines. 

The Siemens I-armature a (Figs. 349, 350), which in the older constructions had to 
swing through an angle of approximately 50° for every current impulse produced, in 
the later type remains stationary between the poles of the built-up horseshoe magnet b. 
The lines of force are deflected by a split sleeve ¢ made of soft iron, which slips over 
the armature a. For this purpose it is necessary just before the spark is desired to 
turn the sleeve about its own axis through an angle of from 20 to 25% from its 
normal position, which in stationary engines is usually done by a cam on the lay 
shaft. In high-speed engines the sleeve is operated positively either by~ crank or 
eccentric. The turning of the sleeve puts the two helical springs shown in strong 
tension so that at the moment the cam releases the sleeve the latter is brought back 
to its original position with great rapidity. During this movement a strong current 
impulse is induced in the winding of the armature a. One end of this winding is 
grounded on the frame of the magneto itself, while the other is connected to the 
contact d. The latter in turn is connected with the insulated electrode e of the make- 
and-break plug, as shown. The inner arm of the lever g is held in contact with e by 
means of a spring. A forked rod h is connected on one end to the vertical arm of 
the sleeve lever, as shown, while the fork rests on the pin of the outside bell crank g. 
At the instant the cam on the lay shaft releases the sleeve lever, the inner end of the 
fork strikes the pin on which it slides, and the inside arm f is suddenly brought out 
of contact with the pin e, which causes a spark to form between the two. On account 
of inertia effects, the time of sparking lags a little behind the instant of snapping off 
of the sleeve lever; to cut this lag down to the lowest possible amount all moving 
parts should be made as light as permissible. 

The length of the make-and-break spark depends upon the rapidity with which 
contact is broken; for that reason the inside lever should be made as long as possible, 
a good length is twice that of the outside arm g. If it is not possible to use this 
proportion, make the vertical sleeve lever (6 in Fig. 364) correspondingly longer. 

-The interruption of the current should be made to take place at the instant that 
the sleeve is most strongly affected by the magnetism of the poles, that is, where the 
sleeve offers the greatest resistance to turning. (This position may easily be found by 
revolving the sleeve by hand.) The fork in its normal position should not bind the pin 
upon which it slides, to make sure that f is always in contact with e. The striking of 
the pin by the fork should only be done by the sleeve lever when the latter on its 
return to the point of rest momentarily over-travels this position. The greater the 
frequency of the spark required in a given time, the smaller should the deflection of 
the sleeve be made; to counteract this the electromagnetic power of the apparatus 
must of course be correspondingly increased, a condition which should not be forgotten 
while ordering. If for some reason or other it should at any time become necessary 
to remove the armature, a piece of iron; of approximately the same size should be 
put in its place to keep the magnetic circuit closed. 

The stationary electrode e requires high grade insulation (covering with asbestos, 
porcelain, or soapstone), because the ignition current possesses high voltage. Care 
should be taken to see that no short circuits can be formed through incrustations of 
burned oil, soot, etc. The spindle of the movable electrode is often made with a 
conical seat at the inner end, which serves as a packing surface (see Fig. 352). Where 
the compression is high, however, a flat seat is better, especially if the collar rests 


256 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 
against a steel sleeve, because this construction minimizes the danger of the very 
troublesome sticking fast of the electrode, and the grinding in of the conical seat. 
(see Fig. 360). Thorough cooling of the igniter block is of importance. The stationary 
electrode and the inside hammer lever should always be made quite large, since these 
parts if too light are apt to become red hot, which under high compression may lead 
to pre-ignition. 

Since the ignition or explosion of the charge should be completed as far as possible 
at the dead-center position, it becomes necessary to cause the spark to occur before 
this position is reached; and, in general, the leaner the mixture and the higher the 
piston speed, the more should the spark be advanced. At starting the spark should 
be so far retarded that dangerous pre-ignitions cannot take place. While this spark 
adjustment may in general be easily carried out by very simple means, large gas 
engines should be equipped with apparatus which admits of fine adjustment in order 
to be able to control the combustion with accuracy at any time during operation as 
well as during testing out. In the Unterberg magneto (Figs. 354, and 355) such spark 
control apparatus is directly combined 
with the ignition apparatus, which for 
the smaller gas engines is probably a 
desirable construction. In large gas 
engines the spark adjustment had better 
be made by changing the position of 
some parts of the ignition gear. Examples 
of this are shown on pages 253 and 
254. Automatic adjusting of the spark 
through the engine governor is beset with 
great practical difficulties, and for that 
reason has so far not found successful 
application. 

The principal dimensions in inches of 






























































Fras. 363-365.—Electro- 
magnetic Ignition Ap- 
paratus, built by Rob- 
ert Bosch, Stuttgart. 


















































(a. connecting post; b, the new Bosch magneto with exposed 
oscillating lever; c, fork : < 
to make-and-break me- springs, for r.p.m.2175, may be taken 
chanism.) from Figs. 363-365 and Table 26. 
TABLE 26 
Dimensions in Inches. 
| = | ae Hl a 
Type A B G D E F G | H I K L M N O ie 
Casaiee soe (AMO SORA ages aCe) haere rs C7 6.02| 7.47 BETS S 1915 Se LOL 97 1 Gi Onli 
M3. 8.66 | 7.20] 5.28) .79 | 4.01] 1.77} 8.45) 8.45) 4.25) 4.33) 3 |3.15)1.97|7.48| 2.17 
| Seals | 
Mist eee oe nae 8.85] 6.90] .79 |4.85)1.77|8.45, 8:45|4.25)4.72| 4 or |1.97| 7.48) 2.17 
| | 4.75 
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These magnetos are also built with a single vertical inclosed spring. 


tion shown with two springs overcomes the one-sided bearing pressure 


support and insures better operation. 


The construc- 
in the sleeve 
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XII. Pedestals and Foundations 


Internal-combustion engines require foundations of somewhat better grade than 
steam engines of equal power, both because the working stresses in the former are 
considerably higher and because these stresses vary with greater rapidity. Further, the 
fly-wheel weight in gas engines is usually greater and the reciprocating parts are not 
cushioned on passing the dead center as in steam engines. All of these things combine 
to make the service required of the foundation more severe. 

Small gas engines, especially vertical machines, may up to 15 H.P. be set upon 
the floor without stone foundation, provided the weight of the engine and the vibra- 
tions are distributed over a sufficient number of floor beams or over a sufficiently 
large area by means of sub-bases or pedestals (Fig. 366). To deaden any resonant 



































= Ee SEE 
Fia. 366.—Horizontal Engine with Fie. 367.—Horizontal Engine with Stone or 
Pedestal. Concrete Foundation. 


vibrations, the hollow spaces in the sub-base are best packed with sand, and a sheet 
of asbestos, hard felt or cork, may be placed between the pedestal and the engine-bed 
proper. It goes without saying that larger machines which are held down in this way 
require more thorough balancing of moving parts than is ordinarily practiced in 
stationary engines. 

An engine in steady operation should whenever possible be furnished with a stone 
or concrete foundation (Fig. 367). Such a foundation is usually cheaper and serves 
the purpose better than any other. The height of the foundation above the floor 
depends upon the height desired for the crank shaft, and in engines which are 
furnished with a cast-iron pedestal the foundation usually has only a course or two 
above the floor. The height of the pedestal should be taken accordingly. 

Designs of Engine Supports or Pedestals: 











Fies. 368-370—Pedestal for a 6 
H.P. Vertical Kerosene Engine, 
Banki, made by Ganz & Co.,, 


Budapest. 
Engine D=6.4” 


Soe 
(See also Figs, 45-47, p. 91.) 
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Fies. 371-373.—Pedestal for a 6-8 
H.P. Horizontal Engine, Fr. 
Krupp-Grusonwerk, Magdeburg. 








Engine D=7” 
Se 




















Concerning the construction of the foundation, the following may be noted: In 
calculating the load to be carried by the soil, the weights of both engine and founda- 
tion must be considered; it must always be less per unit area than the compressive 
stress on the material of the foundation, and should not exceed 


15 lbs. per sq.in. for soft clay and fine damp sand; 


30 ie: ‘* loam, medium hard clay and dry sand carrying clay; 
45-60 oe ‘* hard clay and completely dry sand; 
75-90 ao ‘‘ hard-bedded sand and gravel. 


For first-class soil the mean allowable load may in general be taken at from 60-75 lbs. 
per sq.in.; in ordinary soil it is better not to exceed 45 lbs. per sq.in. 

The material for foundations for small engines should of course be squared stone, 
where such can be had at reasonable cost, otherwise brick or concrete is used. Where 
stone is used, the mortar should contain as a binding material only hydraulic lime or 
cement, especially if the foundation is exposed to ground water. Hydraulic lime is 
cheaper and serves its purpose sufficiently well when the soil is constantly damp and 
there is plenty of time for the setting of the mortar (2-3 days). In all other cases 
hydraulic cement, Portland or Rosendale, is to be preferred. The mortar should 
preferably consist of good Portland cement and fairly coarse sand free from clay. If 
required the sand should be screened and washed, which may be done by immersing 
it in shallow wooden tanks and after a time drawing off the water. The proportion 
of cement to sand may vary from 1 to 3 (normal) to 1 to 2 for foundations carrying 
very heavy loads; for a finishing mortar for that part of the foundation above the 
floor a ratio of 1 to 1 may be used. The adhesiveness or strength of the mortar 
increases with the proportion of cement. Since natural stone does not bind as well as 
brick, it is better to use a rich mortar for the former (1 to 2 or 1to 1). 

The quantity of water used for the mortar varies somewhat, the best proportion 
seems to be from 25 to 30% of the weight of the cement used. Sand and cement are 
first thoroughly mixed, afterward the water is added. For low-grade foundations, or 
for the lower third, say, of any foundation, a leaner grade of cement mortar (1:4 or 
1:6) or cement lime mortar (1 of cement, 5-6 of sand, 1 of slaked lime) may be used. 
One cubic yard of rubble masonry requires from .3 to .35 cu.yd. of mortar, while 
1 cu.yd. of squared stone masonry requires from .08 to .15 cu.yd., depending upon 
the thickness of the joints. 
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Where brick is used only the hard burned should be employed; the ordinary 
building brick does not possess enough strength or durability. In the case of large 
foundations, however, the latter may be used for the inner layers or core, where it is 
protected from dampness and less heavily loaded. Each cubic yard of brick foundation 
requires about 500 brick and .3 cu.yd. of mortar, the total weight being about 
3000 Ibs. 

The foundation should be carried down to solid soil and below the frost line. If 
the soil does not appear quite safe it should first be prepared by laying down a 
“ oridiron ” sub-foundation of timbers; while dangerous soil can only be taken care of 
by a sub-foundation of piles. If there is any uncertainty as to the quality of the 
soil, it is well to start the foundation with a larger surface than required and to step 
in the successive courses until the last one corresponds to the template. Instead of 
this the bottom of the hole may also be covered with a layer of small stone, broken 
brick, etc., to a thickness of from 1 to 3 feet. The repeated use of thin cement 
mortar soon binds this layer into one solid block, which should be larger by its own 
thickness on all sides than the foundation itself. Soil may be considered safe when it 
consists of rock or stony earth, sand or gravel (when dry), dry loam and clay (when 
the strata are at least 15 ft. thick); it may be considered unsafe when it consists of 
loam or clay when in thin layers or wet, quicksand, very wet sand, marl, alluvial 
deposits, etc.; and it is dangerous when it consists of turf or peat soil, swamp, filled 
soil of any kind, etc. ; 

The “gridiron” sub-foundation above mentioned is made by placing timbers, 
10” or 12’ square, parallel to each other and about 4-6” apart, level on the bottom 
of the pit. The intervening spaces and the clearance at the ends are then solidly filled 
up by tamping home concrete made up of 1 part by vol. of cement, 1 of lime, 6 of sand 
and broken stone. The timbers are then cross-connected by a layer of boards 3-4” 
thick, spiked home. In pile foundations a similar grid is placed on piles which have 
been driven into the bottom. These piles are from 8” to 16” in diameter, and from 
10’ to 20’ long. The distance between piles and rows of piles is from 25” to 50”. 
The individual piles are connected by strong cross-beams and upon these are placed 
planks as above. The position of these shotld be at least from 12” to 20’ below 
ground water. In both cases the foundation proper rests upon the planks. The best 
timber for the piles, beams, and planks is oak, pine, or hemlock, each of which may 
first be impregnated if desired. In every case the factory furnishes the foundation 
plans. When desired the buyer should also be given directions for setting and lining 
up, which should make mention of the following points: 

After the engine is placed on the foundation and the foundation bolts are entered 
into the holes in the frame, the crank-shaft and the center line through the cylinder 
should next be accurately leveled up (paying due regard of course to any shafting 
that may have to be operated). The best way to do this is to use thin iron wedges 
which are driven under the engine frame. Care should be taken to see that the 
foundation bolts are long enough to furnish sufficient thread for nut and washer. 
After the engine is leveled the nuts are then lightly drawn up~by hand. 

The next operation is to surround the entire foundation with a collar by using 
thin boards, or by piling sand or loam along the edges, and to pour in very thin 
cement mortar until the entire foundation is covered up to the level of the engine 
frame. Care should be taken to see that the mortar covers every part uniformly, for 
which purpose a piece of thin band iron may be drawn back and forth under the 
frame a few times. 
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The mortar should next be allowed to set or harden completely, after which the 
foundation bolts may be fully drawn up. Care should be taken, however, to see that 
the operation does not warp the frame. For this purpose disconnect the connecting-rod 
from the crank, and keep turning the shaft in its bearings to see that it does not 
bind during the operation of drawing up the bolts. After this is completed the 
fly-wheel may be put on the shaft. 

To facilitate the putting on of the wheel, construct an inclined plane of such a 
height that the bore of the wheel comes fair with the shaft, after which the wheel 
may be shoved into place. 

See that the bore of the wheel, the wheel seat, and the key seat are free from 
dirt or paint and oil them thoroughly. In order to prevent the shaft from turning 
while the wheel is forced into place the former may be locked by placing a block of 
wood under the crank in the crank case. 

The dimensions of foundations not only depend upon the type and size of engine, 
but also, and very materially, upon the kind of soil encountered. If the latter is of 
medium quality, still considered safe, an engine having a cylinder diameter of D 
inches, whether of the horizontal or vertical type, requires a depth of foundation below 
the floor of from 4 to 5D. In all cases, however, the foundation should reach below 
the frost line (3 to 5 ft.). 

The length and width of the foundation of course depend directly upon the size 
of frame or pedestal. The volume of the foundations for the different types of engines 
may be taken on the average as follows: 


For horizontal engines, without outboard bearing, 14-18 N, cu.ft.; 


ne ass Hf with of oe 21-25 Nw» cu.ft. ; 
‘¢ vertical ag without Hs ve ase SoN Gn CUNT tEe 
oe rs with ae a 9.8-10.5 Nn cu.ft. 


where N,=normal brake horse-power. , 

It is a matter of experience that horizontal vibrations are more severe on foun- 
dations and soil than vertical ones, hence for uncertain or unsafe soils, vertical engines 
are better suited than horizontal machines. See p. 316, covering costs of foundations. 

Instead of having the foundation or anchor bolts pass down through the entire 
foundation, it is advisable for large engines to make these bolts shorter and thus 
to make them less yielding. For this purpose the lower end of the bolt is held by a 
cast-iron or steel plate which has been let into a recess in the foundation somewhere 
near the top. For standard sizes of anchor bolts, see page 90. 
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D. SPECIAL PARTS FOR GAS AND OIL ENGINES 


I. Gas Engines 


THE special parts of gas engines, which include mainly mixing arrangements 
and ignition gear, are intimately connected with cylinder head and valve construc- 
tion, and have already been discussed, see pages 194 and 250. The auxiliary 
apparatus cf gas-engine installations, such as gas producers and washers,! gas bags, 
gas meters, etc., will be taken up on pages 268 and following. 


II. Oil Engines 


The special apparatus to be considered under this heading also consists mainly 
of devices used to transform the fuel into a gas or vapor, to thoroughly mix the 
latter with air, and to ignite the mixture. 

1. Carburetors. We distinguish vaporizing carburetors, in which the finely divided 
air is drawn through the volatile liquid fuel on the suction stroke of the engine; 
and spraying or atomizing carburetors in which the fuel is sprayed into the passing 
air in a fine stream. The latter method of forming the mixture may also be carried 
out without special apparatus in the inlet valve or the cylinder itself. 

Vaporizing carburetors are to-day largely used for stationary machines, although 
they are large and heavy, increase the suction losses of the engine and are not 
capable of maintaining a constant mixture.2 Since gasoline consists of a series of 
hydro-carbons, of various vaporizing qualities, it will be found that the mixture is 
rich in highly volatile vapors when the carburetor is newly filled, but the proportion 
of such vapor present decreases steadily as the level sinks, until at last there remain 
only hydro-carbons difficult to vaporize, and the result is a correspondingly lean 
mixture. The construction shown in Figs. 377-3879 is supposed to avoid this difficulty. 

Spraying carburetors are not used in stationary installations to the extent that 
their low cost, simplicity of construction, flexibility and ability to furnish a constant 
mixture would warrant.? For automobile engines, on the other hand, their use is 
universal and they have shown themselves reliable for speeds up to 2000 r.p.m. The 
construction of these carburetors has become a special manufacturing branch of the 
general field.4 





1The building of power gas producers is as yet largely a branch of the gas-engine industry, 
although there are manufacturers making the former a specialty. This separation of the two fields 
is justified when the building of producers is carried on by men acquainted with the general gas- 
engine field, but leads to unsatisfactory results when it is taken up by boiler works or similar shops 
merely as a side line. One of the undesirable features certainly consists in the increased difficulty of 
meeting all of the special operating conditions of the various types of engines. This quite often leads 
to trouble at the place of erection, costly both in time and money and in many cases causes the 
engine builder to abandon the use of producers of make other than his own for some time to come. 

2Transutator’s Norr. The first part of this statement hardly applies to American practice. 

3 See Note 1. 

4See the pamphlet of Périssé, Les Carburateurs (Paris, Masson et Cie.), which gives an extensive 
treatment of the construction and tests of carburetors, especially those used in automobile practice. 


Designs of Carburetors: 
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Figs. 374 and 375.—Carburetor, Gasmotoren-Fabrik 
Deutz. 


(During the suction stroke the vacuum in a will cause air 
to enter through muffler b and screen c. Saturated with 
gasoline vapor the air next passes through d and the check- 
valve e, both inserted for safety, on its way to the engine. 
Here it is mixed with more air thus forming the normal 
mixture, To facilitate the formation of vapor ina, the warm 
cooling water from the engine is circulated through f. Tothe 
same end a part of the exhaust gases may be passed through 
the hollow bottom g, the adjustment being made ath. In 
winter it becomes necessary to first fill f with hot water, if 
the carbureter is located in a cold room.) 
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Fia. 376.—Spraying Carburetor, Martini & Co. 


(The gasoline supply through A is regulated by means of 
the needle valve B. Airenters through C, and on the suction 
stroke of the engine the disk valve F moves downward. 
This motion causes the adjustable needle passing through F’ 
to free the lower end of the gasoline duct. The liquid then 
flows out through fine radial openings and is picked up and 
carried along by the stream of air. By adjusting C a part 
os tne air may be allowed to pass directly into the passage 


Fieas. 377—379.—Carbure- 
" tor, Chr. Reichman, 
Munich. 


(This carburetor is designed 
to furnish a mixture of more 
uniform composition than that 
which can be obtained in car- 
buretors of design shown in 
Tigs. 374 and 375, in which 
the more volatile parts of the 
liquid always distill off first. 
In this design the gasoline is 
fed drop by drop from the 
reservoir a through the cen- 
tral pipe and is absorbed by 
the suspended wicksb. From 
these it evaporates and mixes 
with the passing air. The 
wick chamber is surrounded 
by a water jackét c, which 
contains a nest of tubes d 
through which the exhaust 
gases coming through muffler 
e may be passed. Chamber f 
is filled with pebbles or with 
wire screens and acts as @ 
safety device.) 


Mixture 
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Fic. 380.—Spraying Car- 
buretor, Sintz. 








(Valve a _ operates 


= ia 
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needle valve b. By ad- 





justing c, a part of the 


air may be led directly Fig. 381—Double Carburetor, Banki. 


(The air drawn in by the engine passes through 
a pipe located between the two float chambers. 
Gasoline and water are supplied to this pipe by 
means of from two to four spray nozzles.) 


into the suction pipe.) 





2. Vaporizers and Atomizers. Both of these are intended to change the heavier 
liquid fuels, as kerosene and alcohol, to a state in which they will readily mix with 
air. In the former the oil is vaporized with the agency of heat, and the oil vapor 
is either immediately or subsequently mixed with air. Generally the oil is previously 
sprayed or atomized in order to spread it over a large surface. The well-known fact 
that liquids vaporize more easily in a partial vacuum has to the writer’s knowledge 
never been practically utilized in oil engines. 

If the oil is so completely atomized as to allow of the suspension of the particles 
in alr, which, with suitable means may be easily accomplished, it is quite possible to 
form a satisfactory and uniform air-oil vapor mixture without the aid of heat. The 
oil thus mechanically carried along vaporizes only after reaching the cylinder during 
suction and compression. In order to get a clear insight into the action of vaporizers 
and atomizers, as well as oil engines themselves, it will be well to briefly consider the 
vaporization phenomena. 

As shown in Part IV in greater detail, the crude oils are composed of a series 
of hydro-carbons having very different boiling points. The most volatile of them 
readily vaporize under temperatures ranging from 60° to 70° F., the greater propor- 
tion, however, require much higher temperatures for vaporization. Taking refined 
kerosene, for instance, usually more than 60% by volume will vaporize between 400° 
and 570° F., while solar oil loses 75% between 470° and 630° F. (see Fuels in Part 
IV). The degree of heat required to vaporize the heaviest constituents of the fuel oils 
is not far from a dark-red heat. We may assume that the temperature of the cylinder 
walls of an oil engine is somewhere between 140° and 340° F., the average probably 
in no case exceeds 300° F., but that is considerably below the condensation tempera- 
ture of most of the constituents of the fuel oils. If therefore oil vapor, which has 
been produced in a special chamber or vessel sufficiently heated, is introduced into the 
engine cylinder, it is unavoidable that a part of the hydro-carbons of high boiling 
point in the vapor will, owing to its contact with the cold air simultaneously drawn 
in and its contact with the cylinder walls, returns to the liquid state and will be 
thrown down in the shape of drops. The reason for this occurrence of course lies 
in the fact that both the quantity and the specific heat of the oil vapor are too small 
to maintain the required mean vaporization temperature against the cooling effect of 
both air and walls, and a partial condensation of the oil vapor is consequently inevita- 
ble. The liquid thrown down burns only partially, owing to the fact that air can 
only reach its exterior surface, it gives off vapors during the exhaust stroke and 
finally forms incrustations on the inner walls. 

“Superheating” the oil vapor does not have the desired result, first because the 
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degree of superheating is limited on account of low temperature of ignition of the 
oil, and again because whatever degree can be employed has little effect upon the 
mean temperature for reasons already stated, and hence cannot in any marked degree 
prevent condensation. The scheme of superheating the oil vapor, patterned without 
good reason after steam-engine practice, has therefore nothing in its favor. 

On the other hand, the opposite of this scheme that is to introduce the oil 
mechanically very finely divided (@n shape of “‘fog’’) into the air and thus into the 
cylinder, promises better success. The oil ‘‘fog’’ thus produced. by means of com- 
pressed -air or other medium is very similar to the ordinary oil vapor with the 
difference , however, that it possesses ordinary room temperature and is much more 
stable than the latter (a cloud of oil particles. so formed will remain suspended in 
air for several seconds and only gradually disappear.) Condensation is_ entirely 
avoided since the oil in effect retains the liquid state. It is of course im- 
possible to prevent some of the oil particles from gathering into drops when 
striking valve disks and cylinder walls; but intelligent design of the inlet passages 
ean reduce this difficulty to a minimum, a thing which is very difficult to do with 
oil vapor. e 

Success should therefore be sought in complete atomizing and spraying rather 
than in high temperature vaporization. This conclusion is further justified when we 
consider the subsequent steps in the combustion process. Heated oil vapors soon 
reach their ignition temperature during compression. This means the use of a lower 
compression pressure, which, in turn, as has previously been pointed out, leads to lower 
efficiency and smaller specific capacity of engine. The-latter loss is aggravated by 
the fact that the density of the heated charge is low at the outset. On the other 
hand, the transformation of the oil “fog” into oil vapor during the compression stroke 
utilizes some of the heat of compression, hence a higher, that is more e‘icient degree 
of compression becomes possible. This advantage is very strongly apparent in the 
case of alcohol vapor with which, on account of the high specific heat of the water 
carried and the consequent lowering of the temperature, compression pressures of from 
10-12 atmospheres may be carried without pre-ignition. The general axiom “to have 
the mixture as cool as possible”’ therefore applies also with equal force to oil 
engines. 

The vaporizer is placed either before or behind the inlet valve. In the latter case it is 
apt to lose its separate identity. It is heated either externally, by a special heating 
lamp, or internally by the heat of combustion. As long as the vaporizer temperature 
remains considerably below the ignition temperature of the mixture, the oil may be 
vaporized with unlimited air supply, i.e., the mixture may be formed at the same 
time. Highly heated vaporizers on the other hand should contain little or no air, 
as the mixture may take fire on the hot walls, consequently the mixture can only 
be formed beyond the vaporizer proper. It is hardly possible to make a statement 
of general applicability regarding the superiority of one or the other of these two 
types of vaporizers. The writer believes, however, that the moderately heated vapor- 
izers will come into use largely for engines using kerosene only, because a colder and 
more uniform mixture may be obtained from them than from the highly heated 
vaporizers. For alcohol engines, low vaporizer temperatures always serve the 
purpose, since alcohol starts to vaporize at about 175° F. and water at 212°. 
The widespread impression that alcohol requires an_ especially high vaporizer 
temperature is therefore without foundation. 
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Designs of Vaporizers, Atomizers and Heating Lamps: 















G77” Wee 
«tie Se Fia. 383.—Vaporizer, Henriod Schweizer 
Fia. 382.—Capitaine Vaporizer. (Liide Type). 
(The liquid fuel enters the tube through a very (The inlet valve a has two disks, of which b con- 
small opening. The tube itself ends in the com- trols the mixture and c the quantity of oil. By 
bustion chamber, just below the inlet valve.) means of screw d and sleeve e the capacity of the 
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space above c may be regulated.) 
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Fias. 387-389.—K jelsberg Vaporizer, Ludwig Nobel, 
Petersburg. 

(Inlet valve a operates the fuel valve c through the link- 
ageb. The kerosene admitted by ¢ drops from the atom- 
izer plate d on to the radial webs of the vaporizer e, through 
Fries. 385 and 386.—Diirr Vaporizer. whose jacket space e’ the hot gases from the hot tube heat- 
ing lamp fare passed. /f’ is the burner, h a small basin for 
pre-heating f’, 7 a screw to adjust the hot zone along the 
tube g, k the needle supply valve for the burner.) 
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Fiaes. 390-393 —Priestman Vaporizer. 


(The atomizer (6 in Fig. 395) sprays into the annular chamber 
a, while the air supply pipe (c¢ in Fig. 395) opens into the vapor- 
izer chamber b. Jacket space c is heated by the exhaust gases, 
while the passages d are heated by a heating lamp at starting.) 














Fic. 396.—Petreano’s Carburetor and 
Pre-heater. 






ae <S = 
eS | (Air and fuel oil are supplied to the 
Sar, af = NE upper space a. The oil is absorbed by 

metallic wicks b, which cover the central 
tube, is vaporized and picked up by the 
Fias. 394 and 395 SS paecunin Atomizer. passing air. The mixture passes through 
chamber c to the engine.) 





(The governor, by regulating the position of the plug-cock a, 
controls both the supply of oil through 6 and of air through ec. 

















Atomizerdi 22 2 
Plate 





Cooling Water 
\ Petroleum 


Fies. 398 and 399.—Hornsby Atomizer Plug and Governor Valve. 





(The action of the atomizing plug or valve a is automatic. The by-pass 
valve b is opened more or less by the governor, through c, so that a variable 
part of the oil furnished by the pump flows back into the reservoir through 
d.) 


Fig. 397.—Kerosene Heating 
Lamp, Capitaine. 


3. Liquid Fuel Pumps. The minuteness of the quantity of oil to be furnished to 
each charge requires pumps of very special construction, some types of which are 
shown in Figs. 400-405. 


SPECIAL PARTS FOR GAS AND OIL ENGINES 267 


Designs of Fuel Pumps: 


























Fras. 400 and 401.—Hornsby Oil 
Pump. 


(The plunger is operated by the 


inlet valve lever.) 
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Fie. 404.—Oil Pump, in which 
the suction and discharge 
passages are opened and 
closed by the cylinder a slid- 
ing up and down in the hous- 
ing b. 
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Fic. 402.—Oil Pump, Grob Fre.403.—Oil Pump, in which 
& Co #3 the inlet and discharge 
parts are controlled by the 

small piston or plunger a. 


























Fie. 405.—Oil Pump and Governor Details, Small Augsburg- 
Diesel Engine. 


(Pump plunger a is operated from the lay shaft h. The latter, 
through the guide g, also operates the lever e, to which the link- 
age d of the suction valve c is fastened. Discharge valve 6 is 
automatic. As the governor varies its position, depending upon 
the load, the pivot f of the lever e changes so as to cause the 
suction valve c to close at varying points in the discharge stroke 
of the plunger a, thus controlling the amount of oil delivered to 
the cylinder.) 
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In order to avoid too minute dimensions for the piston, the displacement of the 
pump cylinder is often made from 3 to 6 times that required by the maximum 
engine capacity. The proper proportion of the mixture is then obtained by allowing 
the plunger to work idle a part of the stroke, forcing a part of the oil through the 
suction valve or a special by-pass into the supply reservoir. By changing the instant 
at which this return is interrupted the quantity of oil supplied the machine can be 
adjusted to suit the load on the engine and thus to regulate the speed. In small 
engines the tendency at present is to do away with the use of an oil pump altogether 
and to draw in the oil by means of the engine piston itself. In such installations 
the oil reservoir is placed 1.5 to 3 ft. above the point of exit from the supply pipe 
into the cylinder, unless the oil tank is under air pressure. In order to prevent too 
great variations in the composition of the mixture when this scheme is used, the 
hydrostatic pressure on the orifice is often maintained constant by float or overflow 
valves; that is, it is rendered independent of the level of the supply in the tank. 
Good fuel pumps, however, insure greater reliability of operation, better atomizing of 
the oil and the formation of a more uniform mixture. They should therefore always 
be used in large engines. ; 


K. AUXILIARIES 


I. Power Gas Installations 


For information regarding fuels and power gases, see Part IV. Concerning the 
theory of the production of power gas, see Appendix. 

The general arrangement of the main parts of a gas-producer installation, that 
is, of gas producer and purifier or washer, depends primarily upon the properties of 
the fuels to be gasified. The main points to consider in this regard are the moisture 
content, proportion of earthy and tar-forming constituents, tendency to coking and 
clinkering, size of the fuel and the heating value of unit volume. Unless there is 
some counteracting agency, a high moisture content of the fuel reduces the tempera- 
ture of the producer in too great a degree, and in this way interferes with the gasi- 
fication process. Too great a percentage of ash quickly clogs up both generator space 
and grate, and hence hinders the passage of air and the development of heat. Tar- 
forming gases cause serious disturbances because the tarry hydrocarbons condense in 
pipe lines and valves and form soot in the cylinder during combustion. Fuels that 
show a strong tendency to coke or clinker, and those that are too small sized, inter- 
fere with the operation of the producer in much the same way as excessive ash. 
Large-sized or coarse fuel does not burn with the desired uniformity, offers too little 
surface for gasification, amd allows air, water vapor and carbon dioxide to reach the 
upper part of the producer without decomposition. Naturally those fuels most free 
from the disadvantages enumerated above, and especially those low in tar-forming 
constituents, are commonly used for the production of power gas. The fuels that 
most nearly fulfil these requirements and are approximately free from tar are hard 
coal, or anthracite, and coke; we therefore find that most gas producer installations 
are arranged to utilize these fuels. 

The method of producing a suitable power gas from bituminous fuels, especially 
from the more recent coal formations (lignite and peat) is at present being developed 
with a great deal of energy, but until now no completely practical and thermally 
efficient producer has been found. Several installations of this type now in 
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operation have, however, shown a promising beginning. After it had been demoun- 
strated that it was impossible with simple means to continuously and thoroughly 
remove any considerable quantity of tarry gases from the producer gas leaving the 
generator, the solution next attempted was to so conduct the gasification of the solid 
fuel that the tar could be dissociated or broken up into fixed gases inside of the 
producer itself, and thus to prevent the tar vapor from appearing in the producer 
gas at all. Tar may be broken up into fixed gases by leading the gas carrying it, 
or the tar vapor by itself, through a layer of incandescent coke together with air 
and water vapor. This either burns the tarry hydrocarbons to carbon dioxide (COz) 
and water vapor (H2O) or breaks them up into carbon monoxide (CO) and hydrogen 
(Hz). The gasification of the solid fuel and the subsequent fixation of the tar may 
be carried on either in the same generator or two or more generators may be con- 
nected in series above or behind each other, as shown later by several examples. 

1. The Power Gas Producers (Generators). Power gas producers are closed vertical 
retorts in which suitable fuels are burned with insufficient air supply and with the addition 
of superheated steam. The final product of this operation is a combustible, composite 
gas containing, besides nitrogen, mainly carbon monoxide (CO) and hydrogen (Hz). 
In the generator proper; about 85% of the heat of the fuel is transferred to the 
gas, that is, is recovered. Starting, stand-by periods; incomplete combustion, etc., cause 
a loss of from 10 to 15% of the fuel. Where separate boilers are used, about 8% 
cf the total fuel is used for the making of steam. Consequently the real efficiency 
ef the generator is only from 60 to 75%, and only in isolated cases higher than 
the latter figure. One pound of coal gasified usually produces from 70 to 80 cubic 
feet of producer gas with an average heating value of 135 B.T.U. per cubic foot. 
Along with the same weight of coal there is introduced about .75 lb. of water, except 
in the case of suction gas generators, where for the purpose of cooling the grate the 
quantity used is generally much greater, up to 1.5 lbs. per pound of coal. 

Depending upon the method of moving the air-steam mixture through generator 
and washer, we distinguish three types of producer installations: 

(a) Pressure gas installations, in which the air and steam are forced through the 
fuel column by means cf special blowers, and the steam is usually generated in a 
separate boiler. - 

(6) Suction gas plants in which the suction of the engine piston draws the steam 
and air mixture through the charge in the generator, and in which the required 
steam is usually produced by recovering some of the heat of the generator. 

(c) Combination plants so constructed that a fan or blower draws the gas out 
of the producer and forces it towards the engine. 

Suction gas plants have almost entirely displaced the older pressure installations 
for gas engine work. They do away with the use of a separate boiler with its 
attendant disadvantages (increased fuel consumption, greater cost of attendance, 
higher capital cost, increased floor space required, insurance, inspection, etc.). 
Further it is possible to clean the grates in suction gas plants without interrupting 
regular operation, and the entire installation is more simple as well as cheaper both 
in construction and operation. Since the rapidity of gasification depends directly upon 
the suction of the engine piston, the quantity of gas made will vary directly with 
the amount required by the engine. This automatic regulation makes the use of 
gas holders or pressure regulators superfluous, and thus eliminates one of the least 
desirable features of the pressure gas plant. 

Operation with suction gas does not in itself possess any serious disadvantages, 
where real difficulties crop up they are usually due to poor construction or wrong 
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management. The partial vacuum existing in the system may at first sight appear 
a serious drawback, but examination shows that with proper construction the pressure 
can be kept to within from 4” to 8” of water of the atmospheric pressure, which is 
less than the regular variations in the barometric readings. Only with very - poor 
construction or bad operating conditions does the vacuum reach a degree (40” or 
more of water) that markedly affects the specific capacity of the engine. The mis- 
placed apprehensions concerning the danger of the vacuum existing in suction systems 
are directly responsible for the fact that the scrubbing and washing apparatus for such 
plants are made much-smaller and less complete than experience has shown is neces- 
sary. for pressure installations. As a matter of fact, suction gas may be just as 
thoroughly cleaned as pressure gas, but, in place of simply transferring and utilizing 
old designs of working apparatus it is necessary to employ washers adapted to the 
particular purpose. With this precaution it should be possible to satisfactorily clean 
suction gas without materially affecting engine capacity. 

The limitations in the use of suction gas for engines sometimes found where the 
gas is also used for other purposes (heating furnaces, etc.) have been eliminated by 
the use of combination systems or by drawing the gas intended for heating purposes 
by means of blowers and forcing it to the furnaces. 

There remain to be considered two things which nave been used as charges 
against the suction gas principle, serious enough to arouse insurance companies and 
to cause government supervision in some quarters—that is, dangers due to explosions 
and to poisoning. Cool and deliberate consideration of all the facts in the case will, 
however, show that suction gas plants not only warrant greater safety against either 
one of these accidents than pressure gas producers left so long without molestation, 
but further, that a number of serious and inexcusable irregularities in attendance 
and maintenance will have to concur in order to produce conditions that will lead 
to really dangerous poisoning or explosion accidents in suction plants.! 

At the same time it cannot be denied that there are certain further problems in 
the development of suction gas plants. The number of different kinds of fuel that 
may be properly gasified in them is at present very small, and even for these there 
are features that call for improvement. The first of these is the present method of 
producing and introducing the steam because the ordinary vaporizers all labor under 
the disadvantage of having too great a water space. The large amount of water in the 
vaporizer (superheater) seriously increases the time of starting, since the water must 
be brought to the boiling point before the gas has the normal composition. As long 
as the water does not steam, the gas will lack its main heat-carrying element—hydro- 
gen. The engine is started with difficulty and only after a considerable length of 
time may it be fully loaded. After the engine is stopped the steam finds its way 
from the vaporizer into the room, and causes trouble through condensation, rusting, 
etc. Specially bad, however, is the fact that with vaporizers having a large water 
space the composition of the gas cannot be controlled with any degree of certainty. 


1To say a few words in explanation of this statement it may be noted that the gas escaping 
through small leaks in pressure gas plants, even when in considerable quantities, is not noticed by the 
attendants, because carbon monoxide gas is odorless and colorless. The danger of poisoning and 
explosion in this case may therefore appear very suddenly and without warning. In suction-gas plants 
this condition cannot occur. Small leaks may of course cause a decrease in the quantity of gas in the 
mains, which is in most cases quickly noted by a decrease in the engine power, but to produce 
explosive mixtures requires such serious defects in piping that the condition is hardly conceivable in 
practice, because the-ratio of air to gas must be in the neighborhood of 1:1. On the basis of such 
facts the suction-gas producer had better be left unfettered with any government regulations in its 
development—it is no more dangerous than the ordinary heating stove. 
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A change of the water supply to the vaporizer has no effect, and very often produces 
the very opposite from the result intended. If, for example, the hydrogen content 
of a lean gas is to be raised, the attendant naturally increases the supply of water 
to the vaporizer. This, however, is immediately followed by a cooling of the water 
in the vaporizer as well as the vaporizer walls. The result is a reduction in the 
quantity of steam evolved and the gas made is even poorer in hydrogen than before. 
If, on the other hand, the engine shows by pounding and other signs that the hydrogen 
content in the gas is too high, the only remedy available is to cut down the water supply 
to the generator. The inevitable result of this, however, is that the evolution of steam 
becomes stronger than it was before and will remain so until the vaporizer goes dry. 

These difficulties are avoided if there is no water storage capacity whatever in 
the vaporizer, and only as much water as can be used per suction stroke of the 
engine is furnished to the generator. In case the engine -is governed by throttling, 
the periodic introduction of water should be so regulated that the resulting gas shall 
always have its best composition for all loads on the engine. This requirement, 
important alike from the standpoint of economy and reliability, is to-day fulfilled by 
only a few of our suction gas plants, while all other installations operate normally 
only in the neighborhood of certain loads and are likely to give trouble when this 
load is materially changed. 

The usual construction of tube vaporizers should also be quickly changed to 
something better. In them, short tubes are usually held between inelastic tube sheets 
and constantly exposed to the effects of widely varying temperatures. The result is 
that they are often the cause of costly repairs and troublesome interruptions in 
operation. On account of the sudden decrease in the gas velocity and the change 
in direction of flow, dust is deposited thickly in the end spaces of the vaporizer 
above and below the tube sheets, not only decreasing the efficiency of heat transfer, 
but after a time seriously hampering the flow of gas. Besides this, the tubes increase 
the distance the dirty gas has to travel and their surfaces are apt to become coated 
with deposits of dust and tar, more serious in this place because of the reduction of 
heat transfer and the difficulty of proper cleaning. In the smaller installations the 
generator vaporizer may, be placed directly in the top of the producer; in larger 
plants its proper place is outside, but so close to the shell of the producer that the 
distance from the producer to the scrubber shall be as short as possible, and so 
constructed that there shall be no chance for deposits of tar or dust. 

The vaporizer should be heated only by means of the waste heat of the genera- 
tor or the sensible heat of the gas. To use the exhaust gases of the engine for this 
purpose is from the thermal standpoint mostly folly,! and in many cases even abso- 
lutely wrong because it increases the cost of the plant as well as the back pressure 
on the engine. The advice to use a part of the jacket water to feed the vaporizer 
is equally ill-considered because for every pound of coal used the engine requires from 
60 to 90 lbs. of jacket cooling water, while only from .7 to 1.5 lbs. of water, i.e., only 
about 1/70 of the former amount is fed to the generator for the same amount of coal. 


1Proor. Assuming a very good efficiency for the generator, say 75%, we find for every pound 
of coal (14 300 B.T.U.) gasified in round numbers 3500 B.T.U. are discharged in the shape of radiant heat 
and sensible heat in the gas. This heat is quite sufficient to evaporate about 3 Ibs. of water, that is, 
more than twice the maximum amount that any normal generator would require. Any sensible heat 
that is not removed from the gas before it enters the washing apparatus is in most cases absolutely 
lost. To recover the sensible heat of the gas by pre-heating the air for the generator is possible only 
in limited degree, even in large plants fitted with special pre-heaters. The ordinary constructions of 
this type at any rate show no added advantages both on account of the increased suction and 
exhaust friction losses and because of the rapid destruction of grates, ete. 
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Designs of Gas Producers. (Figs. 406-431, producers for anthracite and coke, Figs. 
432-440, producers for fuels carrying tar.) For data concerning practical operation, see 
Part III. 


(a) Pressure Gas Installations 













Scrubber 









Sawdust 
Purifier 


Boler- 







Gerteraior 











Fic. 406.—Pressure Gas Installation, Kérting Bros., Hannover. 






(For floor dimensions for complete plants, see p. 341.) 


The poor gas made during starting escapes through valve b and purge pipe a. During this time the pro- 
ducer operates like a common stove. As in the case of a stove, the introduction and firing of the first fuel is 
done through the open ash pit doors. After sufficient fuel is added, these doors are closed and the steam 
blower is started. In case the natural draft available is not sufficient to properly start the fire, a small steam 
ejector in pipe a may be used to increase the draft. As soon as the flame at the try-cock shows dark red, 
not blue, the gas is of proper quality, the valve b is closed and the plant is ready for operation.—The cleaned 
gas on its way to the engine passes through a regulator (marked “gas holder’). The rising and falling of 
the bell of this regulator opens and closes the steam supply valve d by means of the chain connection c-c, 
thus controlling the amounts of air and steam furnished the producer.—According to the builders, the average 
composition, in per cent by volume, of the gas made in producers of this type is as follows: 

Hydrogen, 18%; carbon monoxide, 26%; hydrocarbons, 2%; Carbon dioxide, 7%; and nitrogen, 47%. 
The efficiency of the producer is from 80 to 82%. 
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Fig. 407.— Pressure Gas Producer, Gasmotoren-Fabrik Deutz. 


The steam for blower a is superheated in the coil located in the upper part of the boiler. During starting 
the gas may be tried at opening b. The air injected by blower a is pre-heated by passing through the 
economizer Cc. 


. AUXILIARIES 273 


Fra. 408.—Pressure Producer Gas In- 
stallation without Boiler, Lencauchez. 


Water is sprayed through pipe a con- 
tinuously against the ribbed plate b. 
It drips from here into the cast iron 
ash-pan c, vaporizing in its course. At 
the same time the positive blower d 
blows air, slightly compressed, through 
several radial channels e into the ash 
pit c where the air picks up the vapor 
and the mixture then passes through 
the producer. A fire brick arch /f di- 
vides the charging space g from the gas 
outlet space h. The former is filled with fresh fuel which slowly moves downward as demanded. Since the 
blower is driven by the engine and no gas can be made unless it operates, the gas holder should always con- 
tain sufficient gas when the engine is stopped. 
























































(6) Suction Gas Plants 
Fias. 409-411.—Suction Gas Plant, 25 H.P., made by Société des Moteurs 


Gazogéne Bénier, Paris. 
(One of the first type of suction gas producer.) 
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The lower-end a of the producer is closed by 
a hollow cylindrical grate 6 which in the interior 
acts as the vaporizer chamber. The latter is 
constantly supplied with water through c, any 
excess flowing out through c’. The steam formed 
reaches the chamber e through d, and finally 
finds its way into the mixing chamber f. On ac- 
count of the sucking action of the charging pump 
of the engine, air also enters f from the outside, 
and the air-steam nuxture formed is drawn into 
the space g, down through the annular space h 
and thus reaches. Here it surrounds b and then 
enters the producer proper. The gas made passes 
out through two washers k and k’. 

The grate may be rotated on its axis, the con- 
struction is plain from the figure. Purge pipe 1 
is closed by a disk valve l’. Charging hopper m 
is closed at the bottom by a slide n, which may 
be shifted to one side. 





274 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


Fic. 412. Suction Gas Plant, made 
by the Gasmotoren-Fabrik, Deutz. 


The vaporizer, in which the water 
is kept at the same level by means 
of an overflow, surrounds the top 
of the producer. On the suction 
stroke of the engine air enters the 
vaporizer through the elbow at the 
right, and is saturated with water 
vapor. The air-steam mixture then 
passes through the pipe at the left, 
under the grate and through the in- 
candescent column of coal, in which 
the well-known reactions resulting in 
producer gas take place. The gas 
next passes through the valve 5, up: 
through the wet scrubber, through 
the gas reservoir and on its way to 
the engine finally through a dry 
scrubber (wire brush). 

The double lock construction of the charging hopper is plain from thé illustration. On starting the pro- 
ducer, valves 1 and 2 in the pipe at the left of the producer are closed, while valve 3 is opened. Next to the 
scrubber, valve 5 is closed, at the same time opening valve 4 leading to the purge pipe. The hand blower 
then forces air through the producer and up the purge pipe. During stand-by periods, valves 1, 3, and 5 are 
closed, while, on account of the draft through the purge pipe, a little air passes in at 2, keeping the fire alive. 
The check valve in the pipe below valve 1 is intended to prevent. any striking back of hot gas when the 
change from normal operation to stand-by is being made. Any “overpressure” of gas that may form at this 
particular moment is taken care of by an equalizer pipe leading from the seal-box to the purge pipe. (The 
construction of the larger Deutz plants does not quite agree with Fig. 412.) 
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Fig. 413.—30-35 H.P. Suction Gas Installation, Kérting Bros. 


THe vaporizer, located at the side of the producer, is heated by the outgoing gases. The purge 
pipe branch be 
The starting fan blo 
433.) A 






d the vaporizer, so that the latter is also being heated during the starting period. 
to the gas space of the vaporizer. (Type of producer for bituminous fuels, see Fig. 
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ae Fias. 414 and 415.—100 H.P. Suction Gas 
Plant, Jul. Pintsch, Berlin. 


Cover and filling hopper are supported on 
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' Woes coal et about a pivot at the side. one 414 pone ee 
12.7 hie operating position. The producer is charge 
CSA UIA by avingiee the hopper over the center open- 
= = ing, see Fig. 419. The small branch pipe near 
x | the bottom (at the left) of 
eae | the air supply pipe serves ie 
HWE WS to furnish air under slight 
SVAHHNEY MS pressure for starting. 
FABAWH [16 H | 
As PHAN Pressure ie ~ 
= aay Fregulator” 
(phys { 
} \s =a = Sawaust-Purifier 






























Fia. 416.—General View 
of a 16 H.P. Pintsch 
_ Suction Gas Plant. 
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Fic. 417.—Suction Gas Installation, Pintsch. 


(2 Producers, 600-800 H.P.) 


The gas is led through one 20” main pipe to three twin cylinder engines, each rated at 200 B.H.P. A 
Pintsch pressure regulator is connected in each branch main to the engines. The apparatus in the back- 


ground is a small water-gas producer (1500 cu.ft. per hour), the gas being used for heating purposes in the 


works. . 


AUXILIARIES 


bo 
<j 
“I 








Fie. 418.—Scrubbing Apparatus, 600 H.P. Pintsch Suction Gas Installation. 


The picture shows in the left foreground the dry purifier for the water gas. Directly behind this is 
located the cylindrical scrubber for suction gas between two cylindrical coolers. The-latter were here 
employed because the otherwise necessary cooling water was hard to obtain. At the right are two dry 


purifiers, 174 by 21 ft. floor-space, for suction gas. 
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Figs. 420-422.—25 H.P. Suction Gas Installation, Wiedenfeld & Co., Duisburg. 


The vaporizer is located around the top of the generator, as in the Deutz 
design. The air-steam mixture is superheated by passing through the hollow 
circular grate support a. The gas main b dips under the surface of the water 
in the seal-box c, to throw down the coarser impurities. Overflow pipe d 
from the scrubber discharges into this seal-box. Water is supplied to the 
vaporizer through e, any overflow is led through pipe f under the grate. 
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Fic. 423.—100 H.P. Suction Gas Plant, 


Dunker & Spielter, Hannover. 
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The jacket space of the producer is used 





as the vaporizer, a special superheater 
coil surrounding the top of the pro- 
ducer. At starting a small amount of 
water is introduced directly into the coil, 
to obtain sufficient steam from the outset. 
Only a part of the air used passes through 
the coil, the rest entering the ash pit 
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Fies. 424-427 .— 30 H.P. Giildner Suction Gas Instal'ation. 


(Cuts show the plant as arranged for starting up.) For floor space required for complete plant, see p. 356. 
The producer has no vaporizer containing any quantity of water; air is pre-heated in the top space a, then 


saturated with steam through the action of the supply mechanism q’ (see Fig. 428). 
through superheater b, passage c and safety valve d into the ashpit:e. 
The gas passes through double valve h, passages g and h into the wet scrubber 7; starting fan k 
blows through pipe J into the ashpit. 


bottom. 
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Fig. 428. 






The mixture then flows 
The lining f is cone shaped at the 


Overflow m of the wet scrubber discharges into the sealbox n. 


Action of the Water Supply and Regulating Valve, Fig. 428: At the center of 
the water pan a there are two concentric tubes b and c, forming an annular space 
d between them, which is in communication with a through openings b’. As 
long as the apparatus is at rest, the water level in d will be at the same height 
as in a and stand below the overflow openings c’. But on the suction stroke of 
the engine, the vacuum produced in the vaporizer chamber a of the producer, 
Fig. 424, communicates itself through e to the interior of the tube c. This causes 
the water column in d to rise, some of the water overflowing throughc’ and so into 
the vaporizer. The quantity of water delivered increases with the suction, and 
is hence adjusted to the load on the engine, keeping the hydrogen content of 
the gas always at the most favorable point. The quantity of water delivered 
may also be regulated by hand by turning the cap f so that some air will be 
admitted through groove f’, thus partially neutralizing the suction. 
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Fig. 429.—General View of a 50 H.P. Giildner 
Suction Gas Plant. 


(Producer, scrubber, dry purifier, and tar 
extractor.) 
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Fig. 430.—Water Supply Valve, Schweiz. Locomotiv- und 
Maschinenfabrik, Winterthur. 


Piston }, fitting lightly in cylinder a, is raised every time 
the suction of the engine creates a partial vacuum in the 
gas main andinthespace a. This action raises the needle 
valve c, which then momentarily opens the outlet d to the 
producer. The regulating screw e serves to adjust the 
tension of the spring and thus controls the lift of b. 


Fic. 431—80 H.P. Capitaine Suction 
Gas Plant with Spray Scrubber and 
Centrifugal Washer.’ 


Tube vaporizer, shaking grate, grate 
bars of trough pattern filled with ash 
for protection against heat. Prelimi- 
nary cooling and washing of the gas in 
a scrubber with water supply at the 
bottom. Main scrubbing in a centri- 
fugal washer operated by the engine at 
a speed of about 100 r.p.m. Centrifu- 
gal action is supposed to take out tar 
and traces of sulphur as well as dust 
and water. 





















































‘ Lecture given before the VI Regular Convention of the Schiffbautech. Gesellschaft. 
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(ce) Gas Producer Installations for Fuels Carrying Tar 


About the only grade of tar-carrying (bituminous) fuels that is used to any 
extent to-day for the manufacture of power gas is the briquetted soft coal! or 
lignite. These briquettes, on account of their uniform size and their comparatively 
low content of water and ash, are fully as suitable for this purpose as anthracite 
or coke, provided of coufse that the tar is taken care of. If the tar is removed by 
means of washing and scrubbing apparatus outside of the generator, it is even possi- 
ble to use the ordinary type of producer. This subsequent separation of tar from 
the gas, however, soon causes operative difficulties with the ordinary type of scrubbers, 
and, outside of the fact that the rotary washers require power and that the odor 
of the scrubber water is in many instances very obnoxious, the method possesses the 
disadvantage, from the economic standpoint, of wasting the heat contained in the 
tar-forming hydrocarbons. The existing special constructions of soft coal (brown 
coal) gas producer installation therefore, in general, all endeavor to fix the tarry gases 
in the producer itself. The general method of doing this is to collect the gases of 
distillation and to lead them up through the incandescent bed of fuel above the 
grate, either simply breaking up the tar or burning it by supplying air, in which 
case the heat of combustion enters the general gasification process. This method of 
operation has been comparatively successful in properly designed installations; it is, 
however, still beset with many practical difficulties. The starting of such generators 
is a rather complicated process, for which reason, rather than jet them burn down, 
they are banked even for periods covering several days. During operation such pro- 
ducers under certain conditions exhibit a troublesome variation in the position 
(traveling) of the incandescent zone, in which case the tarry gases are apt to escape 
undecomposed. 

In the design of brown coal or lignite generators, the generally very high per- 
centage of water in this kind of fuel should not be left out of account. This may 
be so high that the generator requires no further water supply during operation. 
This does not mean, of course, that the vaporizer may be entirely dispensed with 
in the common types, but the fact calls for wide range of possible adjustment in 
the quantity of steam made or that introduced to the generator. 

Soft coal gas producers are only in a few cases purely suction gas generators. 
In general the friction losses and resistances in generator and washing apparatus are 
too great to operate the installation on this principle, and fans are used to draw 
the gas through the producer and to force it to the engine. It is quite usual 
in this construction to make the fan act also as a part of the washing apparatus by 
the introduction of a spray of water which is afterward drawn off from the lowest 
point of the fan housing together with the dust picked up.? Bituminous coal power 
gas installations, less simple in their construction than anthracite or coke plants, 
also cost somewhat more in regard to maintenance and attendance than the latter 
and their use consequently offers but little advantage for the smaller installations. 


1TRaNSLATOR’S Note. In this country, briquetted coal is as yet not used to any extent; where 
soft coal is used it is usually in the raw state. 

?Fan washers have been frequently used for a number of years, as, for instance, in the operation 
of gas engines with blast-furnace gas, consequently their use can no longer be restricted by any 
patent rights. Recently, however, Theissen has claimed that the use of blowers working in this 
manner with water injection constitutes an infringement of his patent rights, and makes their further 
use subject to his license. This controversy has an important bearing upon the gas-engine industry in 
general, and to help clear matters the writer has just caused the Gasmotorentechnik (April, 1905), to 
start a public discussion of the question. 
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Fig. 432—Double Zone Generator for Brown Coal, Gasmotoren-Fabrik Deutz. 
This type of generator, in addition to the combustion zone just above the grate, has another at about 


the level of the vaporizer, near which is also located the gas exit. 
zone is first subjected to distillation. 
of coked fuel by the action of the exhauster connected in beyond the scrubber. 
hydrocarbon gases into permanent gases. 


The fresh fuel fired on top of the upper 
The gases formed are drawn downward through the incandescent layer 


This serves to convert these 


Air is drawn at the same time through openings in the cover, thus 


causing a partial gasification of the coked fuel near the top, which action furnishes the heat necessary for dis- 
tillation and coking. The coked fuel slowly sinks downward, not all being gasified in the upper zone, and thus 
maintains the combustion zone above the grate. The action of the exhauster causes air to enter the vaporizer 
and the air-steam mixture so formed flows in under the grate and through the lower zone resulting in the pro- 
The cleaning apparatus consists of a wet scrubber, a centrifugal exhauster 


duction of ordinary producer gas. 


with water injection and a settling chamber. 


exhauster and thus regulates the draft on the producer. 
































The bell of the gas holder controls a by-pass valve on the 
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Fig. 433.—Brown Coal Gas Producer Installation, 30 H.P., Korting Bros. 
Besides the ordinary flat grate there is furnished a second inclined grate at the side, to aid in starting 


and cleaning the fire. 


The operation is otherwise much the same as for Fig. 432, the gas being taken off 


about half way up instead of at the top. The tarry hydrocarbon vapors formed at the top are sucked back 
through the already coked layers of fuel and, meeting the current of air and steam coming up from below, 
are either burned or fixed. A special vaporizer is not required in this case on account of the high moisture 
content of the fuel. The blower at the left is used at starting. 
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Fig. 484.—Deschamps Producer for Brown Coal and Peat. 











In this producer all of the gas made is drawn out at the bottom. 
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The producer proper, a, carries a fuel hopper or magazine b, in which 
is suspended a cast iron bell ¢ whose lower end is located in the upper 


part of the incandescent zone. The gases of distillation gather in c, 








but they are drawn downward together with the pre-heated air, or-air- 


steam mixture, coming from the pre-heater and vaporizer e, by means. 





of a fan connected to the outlet g. In passing the gas heats e. The 





vaporizer f furnishes a certain amount of steam to the air as it enters 





the pre-heater coil, in case dry fuels are being gasified. Grate bars d 
may be shaken independently of each other and a poke bar inserted 


through the ash pit docr serves to help keep the grate clean. For 








> 


i Hae 





arrangement of entire plant, see Figs. 435-437 following. 










































































Fias. 435-437.—General Arrangement of a Producer Installation for Fuels forming Tar, Deschamps Type- 
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The fuel is forced in by a screw from below and be- 
tween the two grates. The fresh fuel is coked and the 
gases of distillation, in passing through the incandescent 
zone, are either burned or fixed. The mechanical feeding 
of the coal is also intended to prevent coking or clinker- 
ing. 


Details of Design and Dimensions of Gas 
Producers. The principal dimensions of  pro- 
ducers, and especially of the combustion space 
proper, do not depend upon any theoretical 
considerations, but are based entirely upon 
experience and the results of practical tests. 
Fundamentally considered, the gas producer 
is a closed furnace in which a certain amount 
of coal must be burned on a given area of 
grate. How large the grate must be for that 
purpose depends, as in the case of other 
furnaces, directly upon the draft, the method 
ef introducing the air, the kind of fuel, the 
depth of the fuel bed and what might be 
called the ‘load factor’ of the installation. 
It is clear, however, at the outset that the 
grate and combustion chamber of a gas pro- 
ducer may be forced to much higher capacity 
than is possible in an ordinary furnace, because 
in the former the fuel is not completely 
burned but only gasified, and mostly with 
artificially increased draft. | 
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Section A-B. 


Fras. 489 and 440.—Brown Coal Gas 
Producer, Crossley Bros. 


The drying and coking of the green 
coal takes place in the three retorts @ 
which are located in the upper part b 
of the producer and are heated by the 
gas leaving. The gases of distillation, 
through d, e, f, and g, are led under 
the grate, which may be shaken by 
turning it about its axis. ‘The air, 
which has been preheated, reaches the 
interior through the annular space h, 
as shown by the arrow. The retorts 
are separated from each other by 
slides 7, and are charged and dis- 
charged in rotation. The coke is 
discharged by dropping the valve and 
screw k and then turning it about its 
axis. 
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Marine boilers with forced draft burn in the neighborhood of 30 lbs. of coal 
per sq.ft. of grate, locomotive boilers sometimes show as high as 100 lbs. per sq.ft. 
The former quantity of coal would in gas producers certainly yield 30x55=1650 
cu.ft. of producer gas. Assuming that an engine uses 100 cu.ft. of this gas per 
B.H.P. hour, each sq.ft. of grate or cross-section of producer would supply 16.5 H.P., 
or conversely, each 100 H.P. would require in round numbers 6.0 sq.ft. of grate or 
producer cross-section. In practice similar figures are quite often found in smaller 
suction gas plants. With the ordinary sizes of anthracite coal, however, the com- 
bustion may be forced somewhat beyond this point, up to about 40 lbs. per sq.ft. 
of grate per hour, and larger installations are often operated at this figure.t 

The average cross-section of grate or combustion chamber should therefore be 


8.5 to 7 sq.in. for installations up to 25 H.P. 


CoO BU us above 25 H.P. (1) 


for every normal H.P. 


Very small fuels, as for instance buckwheat or rice coal, require a _ larger 
cross-section in order to obtain sufficient area for the passage of air and to be able 
to work with a thinner fuel bed. Fuels low in heating value also call for increased 
areas. 

The internal height of the producer depends in the first place upon the heat 
consumption of the engine, the heating value of unit volume of the fuel, the time 
of combustion of one producer charge and finally also upon the behavior of the 
incandescent layers of fuel. Assuming that the heat consumed by the engine on the 
basis of fuel (that is, including generator losses) is 16,000 B.T.U. per B.H.P. hour, 
and that each charge of the producer lasts from 3 to 4 hours, the volume of the 
producer must be such as to store from 50,000-64,000 B.T.U. for every horse-power 
developed, or on the average 60,000 B.T.U. Now the heating values of some of the 
fuels based upon unit volume are about as follows: 





1Trans~ator’s Notre. These figures are evidently somewhat too high for American practice and 
they may be plainly labeled as applying to Continental practice only. The entire discussion following 
should be read with that fact in mind. As far as the writer’s experience goes, gasification capacities 
on this side of the water range from 10 to 20 lbs. per sq.ft. of grate per hour, with the average 
perhaps at 15 lbs. He has seen only one manufacturer of gas producers claim more than that, up to 
32 lbs. Actual data from:tests in this country is as yet rather limited. Wyer in his Producer Gas 
and Gas Producers, says, p. 233: 

“The rate of gasification in a gas producer is relative to the character of the coal used. The 
best rate determined by experience for a pressure type producer is 12 lbs. of coal per square feet of 
grate area per hour, although some makers have advised as high as 20 lbs. of coal. However, the 
exact limit of*coal consumption is not known, as it is dependent upon a large number of empirical 
factors. Experience has also demonstrated that too rapid driving opens a wide door for the admission 
of adverse gasifying conditions.” 

As an example from English practice, Sexton, Producer Gas, p. 114, states that a Duff 8x10 
producer will gasify about 1000 Ibs. of coal per hour, giving a gasification of about 14 lbs. per sq.ft. of 
bottom area, and of course a larger amount per square foot of grate area. But even assuming that 
the grate occupies only 50% of the cross-section, this would mean a maximum gasification rate of 
28 Ibs. 

It should be noted that both of these examples are from pressure producer practice, while 
Giildner in the above speaks of suction-gas producers. The writer unfortunately has no data on hand 
for the latter type of producer. The kind of coal calléd anthracite by Giildner is not far different 
from our own hard coal, containing about 85% C and little ash. 


. 
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1 cu.ft.=50 Ibs. of anthracite coal contains, deducting for losses, 565000 B.T.U.; 
1 ‘** =25 lbs. of coke contains, deducting for losses, 340000 B.T.U.; 
1 ‘* =650 lbs. of brown coal contains, deducting for losses, 340000 B.T.U. 


Hence, for a charging period of from 3 to 4 hours, the generator volume should be 


for operation with anthracite coal at least .105 cu.ft. 


ce ‘* coke pon SR ab Pay torcevery D- EP. 2. 72) 
co oe ¢ lignite 66 oo .175 66 


The vertical height required for similar fuels increases with the size of such 
fuel. For very small sized fuel the fuel bed should be kept thin in order to 
reduce frictional resistance; the only way to get sufficient space in such a case is 
to increase the diameter of the producer correspondingly. On the other hand, a 
fuel bed that is too thin interferes with proper gasification, allowing both air and 
carbon dioxide to reach the upper generator space undecomposed, thus decreasing the 
volume of the gas and causing some of it to burn in the producer itself. It is 
better, therefore, to make the fuel bed too thick rather than too thin. This is of 


special importance for a coking coal, which, due to fus- 
\eiee 


bed, thus seriously affecting the gasification process. 
Finally, an ample fuel space in the generator is one of 
the best assets where the fluctuations in the load are 
apt to be strong and long continued. 

The construction of the generator shell and lining is 
the most important thing, determining the satisfactory 
operation of the producer as well as the value and _ life 
of the entire installation. In spite of this fact, far too 
little attention is paid to-day, even in their design, to 
the experiences gained in the building of industrial gas 
producers (Siemens type, etc.), and especially blast fur- 
naces. There are suction-gas generators built in which 
the lining is constructed entirely at variance with the 
principles of gas technology, and the renewal or repair Fras. 441 and 442.—Sectional 
of which would call for the labor of skilled hands for Producer Lining. 
days. Even the life of properly constructed linings is 
comparatively short; under the best conditions, they may last about two years, 
under adverse circumstances often only a few months. Ease of repair and of renewal 
is therefore the thing to be provided for.under any circumstances. Single-piece 
linings are not satisfactory even for small generators, for large producers they are 
absolutely unfit because they crack easily under heat and become useless, while their 
renewal is always accompanied by considerable expense. 

The best way is to utilize in the first place a fire brick (not too fine grained 
or too hard burned on account of cracking) whose quality has already been tested 
in service, and to construct the lining of several rings joined as shown in Figs. 441 
and 442. Each ring is divided into from 4 to 10 segments (or radial brick for the 
larger sizes). The lower ring wears out the fastest, and for that reason arrangements: 
should be made to enable the renewal of this by itself with ease. 

It is poor design to support the lining on a ring of metal solidly riveted to the 
generator shell. It is better to support it on a separate and divided ring of cast 


ing together, may open up wide passages through the 
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iron, whose various parts may be easily replaced through the ash-pit doors when 
the side next the fire has been burned out or melted away. (See Fig. 426.) 

The flat grate so generally used in producers for the medium sizes of anthracite 
and for coke has air spaces varying in width from +" to 7%’. Too wide air spaces 
allow too much of the fuel to fall through, while those too narrow soon clog up 
with ash and clinker, thus interfering with the cleaning of the grate. Very small- 
sized fuel requires the use of step or basket grates; while some other fuels, as yet 
little used, also call for special grates. Still others, like wood and charcoal, may be 
gasified in special generators without grates. 

As determined from practical experience, the starting fan in installations up to 
50 H.P. should have a capacity of about 175 cu.ft. of free air per minute. Larger 
installations require capacities of from 350 to 700 cu.ft. per minute, depending upon 
horse power. On account of low cost it is usual to employ hand-operated fans in 
which hand-crank and multiplying gear form a part of the outfit. It is better, 
however, in every case, and in large installations indispensible, to have the fan 
operated” by a special source of power (small water wheel, electric motor, ete.) in 
order to leave the attendant free for his other duties during the period of heating up. 

2. Gas Washers and Purifiers. The gas as it leaves the producer carries along 
with it a certain amount of fine dust which must next be removed. Depending upon 
the kind of coal used, the gas also contains more or less chemical impurities, such as 
tar, sulphur vapor ete., each of which may cause trouble in operation, and should 
therefore be removed as far as possible. The common types of wet scrubbers are, 
if properly constructed, usually able to successfully throw down most of the mechan- 
ical impurities in the power gas. In spite of this washing, however, there is usually 
still enough fine dust left in the gas to cause scoring of the internal rubbing surfaces 
of the engine. As a matter of safety, therefore, it is always best to pass the gas 
through a dry purifier after it passes the scrubber. 

The chemical impurities, when they occur in any considerable quantity, cannot 
be successfully eliminated by any of the common washing apparatus. Neither hard 
coal nor coke cause any trouble in this respect, because the quantity of tar found 
in the gas is so small that it can be easily handled with the simple means in common 
use. The latter, however, completely fail with gas from bituminous coal, for which 
reason alone the tar-forming constituents of this gas should be changed to fixed 
gases in the producer itself, i.e., they should not be allowed to reach the cleaning 
apparatus. An exception to this rule is found in some of the very large industrial 
gas-generating .plants, in which special apparatus is used to separate the tar and the 
other impurities and to obtain them as by-products. 

Wet purifiers (washers, scrubbers) usually consist of tall cylindrical vessels through 
which the gas passes from bottom to top, being washed by means of fine streams 
of water which it meets in its ascent. In order to promote a thorough contact 
between gas and water, the purifiers are usually filled with coarse coke, sometimes 
also with wooden baffles, etc. There is a free space at the top to allow the water 
to spread evenly, and one at the bottom to serve as a settling chamber for water 
and mud. The chamber should be provided with ample exit and cleaning openings. 

The water-swept space of the scrubber should be at least .7 cu.ft., better still 
from .9 to 1.1 cu.ft., for every engine horse-power. The height should be as great 
as convenient, in order to provide long paths for water and gas. Purifiers of low 
height but large diameter should be used only when the water is very thoroughly 
sprayed and distributed. 
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The water may be finely divided by any of the well-known spray apparatus 
or by baffle plates. Regarding the use of the former, it should be noted that fine 
openings may be stopped up internally by impurities in the water and externally 
by tarry deposits, in either case causing trouble. For that reason any spray appar- 
atus used should be so arranged that it can be easily taken out and cleaned. The 
dirty water should be taken out at the bottom of the washer by a pipe of ample size 
into a syphon or seal box. The latter should be tightly closed at the top to 
confine the very obnoxious odor of the water, and further should be located at least 
12” lower than the scrubber to prevent a sucking back of the water. 

The so-called centrifugal washers, if properly made, both clean and cool the gas 
very thoroughly. The simplest form of this washer consists of a fan (exhaust fan 
or blower) in which water is sprayed into the casing (see Figs. 432 and 435). There 
are, however, special centrifugal washers! on the market. (See Fig. 431.) The 
latter are very well adapted to large installations and have been used for some time 
up to the very largest sizes (in blast-furnace gas installations for example). The 
thing that prevents their general adoption in commercial gas producer installations 
is the fact that they require a power drive, which, in most cases, is not available 
in the producer room. 

Dry purifiers are cylindrical or box-like vessels which are furnished with from 
2 to 4 horizontal perforated partitions which serve to support the purifying material. 
The latter may consist of wood shavings or sawdust, excelsior, chips of iron or steel, 
‘slag wool, etc. Any material that contains fine, sharp particles, or which disinte- 
grates under the action of the gas and thereby forms fine and hard particles which 
the gas may pick up, is unfit for use. Slag wool and iron chips may be specially 
harmful in this direction. The free passage for the gas should be the greater the 
finer the purifying agent; sawdust, for that reason, requires the most roomy dry 
purifiers. On the average, the approximate volume of dry purifiers should be about 
.2 cu.ft. per engine horse-power; but, where possible, from .3 to .5 cu.ft. should 
be allowed. 

Several firms also connect into the gas mains just beyond the scrubbers a tar 
‘separator or extractor. These are generally based on the principle of Pelouze, 
according to which tar vapor when made to strike metallic plates at right angles 
under high velocity, will condense and gather on these plates in drops. See Fig. 429. 
‘Care must be taken to see that these baffle walls can be exchanged quickly after 
having been coated with tar. The best-known, but at the same time least desirable, 
form of this apparatus consists of a cylindrical wire brush, which is very often placed 
in the gas main close to the engine. These brushes, even when clean, increase the 
friction resistance in the main considerably, and becoming dirty after only a few 
days of operation, so seriously interfere with the suction that the normal load of 
the engine can no longer be attained. 

The path for the dirty gas, that is, the piping between producer and the first 
‘scrubber, should be as short as possible and so arranged as to offer the least chance 
for the lodgment of any soot or ashes. Whenever these are deposited, however, 
ample opportunity for cleaning in the simplest and quickest way should be provided. 
This requirement is hard to fulfil if, as is usual, the vaporizer or pre-heater is built 
into the gas main between generator and scrubber. It is equally out of place to put 
the dry purifier close to the engine, in which case the still partially uncleaned gas 


1 For example, that made by Edward Theissen, Munich. See footnote, p. 282. 
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is forced to pass through considerable lengths of pipe, giving it a chance to clog 
them up. All cleaning apparatus belongs close to the producer and should not be 
placed in close proximity to the engine. 

The gas receivers often used between the cleaning apparatus and the engine are 
of little value for purifying the gas. They may act as gas holders or pressure 
regulators only when their volume is made much greater than is usually the case. 
This volume, if t'.e receiver is to serve any purpose at all, should never be less than 
ten times the piston displacement. 

It should not be forgotten to supply the pipe line just in front of the engine 
with a suitable arrangement through which the system can be cleared of air and 
poor gas. The purge pipe should not be combined in any way with the try-cock, 
used to try the quality of the gas, but should be a line leading directly outside to 
avoid fouling the air in the producer room. The try- *cotk should be opened only 
after the poor gas has been cleared out. 

Last, but not least, the designer should, besides taking into account technical 
and practical requirements, also heed whatever government or insurance specifica- 
tions may exist in his locality regarding the construction and erection of gas pro- 
ducer installations. Such supervision does not as yet exist in many places, but the 
designer will do well to take the most strict of those in in existence, as a guide to 
avoid encountering difficulty in the sale of the apparatus in any territory. 


II. Starting Apparatus 


An internal-combustion engine is not self-starting, but must by some suitable 
external means be set in sufficiently rapid motion before it can do the work required 
to overcome its internal resistance. If the starting is done by “cranking” or turning 
the shaft, the starting agent may continue its action even after the first ignitions 
have taken place, in which case both sources of power combine to start the engine. 
If, on the other hand, the source of power for starting is made to act in the cylinder, 
it is usual to impart to the flywheel only sufficient velocity so that the inertia of 
the mass may be enough to overcome the starting resistance. After this velocity is 
attained, the starting agent is shut off, the first ignition takes place in the cylinder 
and soon brings the engine up to normal speed. To reduce the starting resistance 
it is usual to reduce the compression on starting as far as the kind of fuel used 
will allow, for rich fuels to from 1-2 atm., for lean fuels to from 3-4 atm. This 
is done by forcing a part of the charge through the exhaust valve, i.e., not closing 
the latter until some time:into the compression stroke. Jt is also common, at least 
in large engines, to so retard the spark that ignition cannot occur until after the 
dead center is passed in order to avoid the back-firing so dangerous to attendants. 

The usual methods of starting serve their purpose only when the engine is light, 
but will not start an engine under load. Only twin-cylinder engines may be started, 
at least under partial load, when one cylinder is operated with compressed air while 
the other operates on fuel. But this scheme requires large air storage-tanks and is 
even then not quite certain. 

A suitable starting gear should in all cases be a part of an up-to-date engine 
installation. For large engines it is of course a necessity, but even for the smaller 
units it is a good thing from the standpoint of safety. The starting of an engine 
by turning the wheel..is dangerous for unskilled hands, and German trade-unions, at 
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least of late, therefore require that even small machines shall be furnished with 
proper starting apparatus. 

1. Hand Cranks. It is possible to start engines up to 10 H.P. by means of 
hand cranks. Larger engines, up to say 20 H.P., may be started in a similar way 
if the motion is transmitted through 
gears or sprockets and chain, as 
shown in Figs. 443 and 444. In 
such a case it is best to arrange 
the drive so that the operator is 
able to bring his greatest power 
to bear on the crank at the mo- 
ment of greatest resistance in the 
engine, i.e., near the end of the 
compression stroke. In four-cycle 
engines this means that the trans- 
mission ratio should be either 2:1 
or 4:1. ‘ 

The types of hand cranks a 
and b, shown in Figs. 445-447, 
automatically lose their grip on 
the shaft as soon as the first normal 
explosion occurs, but they remain 
in mesh if through back-firing or 
pre-ignition the shaft should start 
in. the opposite direction. This 
may, under the circumstances, be 
dangerous to the attendants and 
may be avoided by the use of 
safety cranks which free themselves 
from the shaft when it starts in 
either direction of rotation. An 
example of this starting crank is 


that made by Dr. W. Heffter of 
Berlin, N.W., in which, when the Fias. 443 and 444.—Starting apparatus with safety arrangement 
against back-firing, 15 H.P. Giildner Engine. 











shaft starts in the normal direction, 
an axial bolt simply unscrews 
out of the end of the shaft, while for rotation in the opposite direction the con- 
nection is breken by a ratchet arrangement. This safety crank is made for engines 
up to 16 H.P.; for larger sizes gear or chain drives are 
used in connection with it. 

2. Mechanical Starting Apparatus. Where a second 
engine is available, it, or the transmission it operates, may 
be used to start the engine. Special arrangements for 

sf this purpose are usually not necessary. The scheme for- 
Pies. 445-447.—Starting Cranks. merly used, of supplying each larger machine with its own 
starting engine, is seldom employed to-day. Where water 
under high pressure can be had, the use of a hydraulic piston motor of some kind 
might be considered, especially if the water used can afterwards find application in 
the jackets of the main engine. 
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3. Starting by Means of the Fuel Mixture. The general idea of this method is 
to place the engine crank 10 or 15% beyond head dead center, to fill the combus- 
tion chamber with the fuel mixture, and to cause ignition by snapping the spark by 
hand. The piston thus receives an impulse which is usually sufficient to impart 
enough energy to the flywheel to last for several further turns, during which the 
normal charge is drawn in, compressed and ignited. There are several methods of 
carrying out this scheme, which differ among themselves in the mechanical means 
employed. Clerk caused the fuel pump of his 2-cycle engine to pump the normal 
fuel mixture into a reservoir during the time that the igniter was shut off and the 
engine slowing down. The compressed mixture was first led into the power and 
pump cylinders and acted as the direct source of power to cause the first rotation. 
At the end of expansion the mixture was not allowed to escape, but was compressed - 
cn the next instroke and ignited. Lanchester utilizes the sucking action of the 
shaust pipe to draw a combustible mixture into a vessel connected to the com- 
bustion chamber during the time that the exhaust valve was open. This mixture 
is at the desired time exploded by means of an open flame in connection with the 
above-mentioned vessel. The gases of combustion immediately ‘flow over into the 
combustion chamber and give an impulse to the crank which has previously been 
set at the proper starting position. This arrangement was afterward improved by 
connecting gas and ignition cocks directly to the cylinder. The latter, during the 
slowing down of the engine, has been thoroughly scavenged and filled with clean 
air. On starting, the gas cock at the side of the cylinder is opened. A _ second 
cock on top of the cylinder allows of the escape first of some of the air displaced 
by the gas, and soon thereafter of the mixture formed. The latter is ignited by an 
open flame in front of the cock. As soon as the needle flame formed shows that 
the composition of the mixture is right, the gas cock at the side is closed. This 
stops the flow of mixture out through the ignition cock, the flame there burning 
strikes back into the interior of the cylinder and explodes the mixture still remain- 
mg. The pressure so generated closes a small check valve in the ignition cock and 
gives an impulse to the piston. The smaller Simplex (Cockerill) engines are started 
in a similar way. The large blast furnace gas engines of the same firm are put in 
operation by pumping a gasoline fuel mixture behind the piston when in proper 
position, compressing this mixture slightly and exploding it by means of electric 
spark. The scheme used by the Berlin-Anhaltische Maschinenbau Gesellschaft for the 
starting of their large engines, consists in allowing a small gas engine to compress 
a part of its fuel mixture through a third valve into the combustion chamber of 
the large machines. During this operation the piston of the latter is held in the 
starting position by blocking the fly-wheel. The mixture is exploded by electric spark, 
the impulse breaks the cast-iron block at the wheel, freeing the shaft. 

Starting by mixture is a simple process in the case of illuminating-gas engines. 
For other fuels it is somewhat complicated and not absolutely reliable. , If the engine 
should fail to start at the first trial, which may occur even with the best of machines, 
there is often not enough mixture in reserve for a second attempt, and it becomes 
necessary to go through all of the operation again, which often takes considerable 
time. Especially in the case of large engines, the work of refilling the reservoir or 
eylinder with mixture is generally troublesome and tedious. 

4. Starting by Compressed Air. This method, which enjoys general preference 
to-day, was already in use in the old constant pressure 2-cycle engines of Brayton 
and Simon, in which air in receivers under a pressure of from 60-75 lbs. was con- 
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stantly available. The pressure of the scavenging air used in our modern 2-cycle 
explosion engines is not high enough for starting. The starting air is usually com- 
pressed either in the main cylinder or by means of an independent small compressor. 
According to the former scheme the piston of the main engine during the slowing 
down period, after the fuel is shut off, compresses the air drawn in into a special 
receiver through a valve, which is generally 
used also as the starting valve. The re- 
ceiver should be of such size that the 
engine can compress the air up to 75 or 
90 lbs. With this pressure it becomes 
necessary to give the piston several impulses 
on starting. On the other hand, where 
an independent compressor is used, it is 
advisable to compress the 
starting air up to from 150 
to 225 lbs., and to accomplish 
the starting with few but 
powerful impulses. With an 
installation properly arranged 
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piston, etc.), a single impulse 

is generally sufficient to start with certainty engines, with ordinary fly-wheels, up to 
150 H.P. Especially where thé starting valve is operated by hand, it is of im- 
portance to start with one. or at most two impulses, because the proper handling 
of the valve becomes difficult as soon as the engine speeds up. 

If the valve through which the main piston delivers air 
into the receiver is also used as the starting valve, its valve 
disk must open outward, and must, during normal operation, be 
held against its seat by means of a screw, see Fig. 448. Such 
a valve, however, will leak easier than if the disk opened 













Fia. 448.—Combined starting and 
back pressure (or back flow) 
valve, 80 H.P. Horizontal En- 
gine. 

(Valve is operated by hand while 

starting.) 


D- 400 
S= 580 
W,=80P. 


Kyi 

























SSN 














Housing ___|__ Cylinder 


Fig. 449.—Starting valve 
Hornsby & Sons. : Fig. 450.—Starting arrangement for a 40-50 H.P. Hornsby-Akroyd 


(For location of this valve, Oil Engine. 
Figs. 240-24: : : en ‘ rie ; 
Fig. 450 Tees ee i rei [Operated by hand so that air is admitted at the beginning of the third 


of operating it.) stroke (expansion stroke)]. 


For starting, the lever is placed in the position a, Fig. 450. Air compressed to 75 or 90 lbs. then flows through the valves b 
and a, Fig 449, into the cylinder. The air is obtained by letting the engine act as a compressor when slowing down for a stop. 
For this the lever is put in the position 6, which raises valve b while a acts as a back pressure valve. In the middle position 
c of the lever, Fig. 450, the internal lever c, Fig. 449, leaves both valvesfree, a is then held down on its seat by d, which is the 
normal operating position. 
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inward and were held against its seat by the force of the explosion. A further dis- 
advantage of the “slowing down” method of obtaining compressed air for starting 
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Fias. 451 and 452.—Starting Air Compressor for Engines from 60-80 H P. 










consists in the trouble of getting 
Fic. 453.—Compressor air for starting the first time 
Installation, for En- and the refilling of the receivers 
gines up to80 H-P. when the charge of air is sud- 
denly lost through leaks. 

For Jarge engine installa- 
tions preference should be given 
to independent air compressors 
driven by their own source of 
power wherever possible. Any 
connection or interdependence 
of air pump and main engine 
is bad, because in case of ro- 
peated failure to start, the air 
will be used up without any 
chance of renewal by means of 
the engine. This may lead to 
serious trouble. Under such cir- 
cumstances, recourse has already 
been had to compressed earbonic- 
acid gas, which can be bought in 
steel flasks in the market. But this scheme is not entirely sure, since the residual carbon 
dioxide makes the mixture poor and hard to ignite. This latter fact has probably 
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caused the Gasmotorenfabrik Deutz to abandon its patented method of starting with 
compressed exhaust gas. (This method consisted in allowing a small part of the 
burned gases at each explosion to flow through a small heavily loaded valve into a 
receiver from which they were afterward used to start the engine. The valve men- 
tioned was entirely closed when the receiver pressure indicated from 100 to 120 Ibs.) 

An example of a small starting compressor is shown in Figs. 451 and 452. This 
is designed to compress air up to 180-225 lbs., and requires from 1.5 to 2.0 H.P. 
to operate it. Since the compressor is only used a few moments every day, the cooling 
of the compressor cylinder may be dispensed with. The machine is normally operated 
by belt, but the wheel is also fitted with a crank, which may be used as a make- 
shift. The arrangement of a compressor of this type with its receiver may be seen 
from Fig. 453. The volume of the tank should not be less than .35 cu.ft. for each 
normal engine horse-power, i.e., about 10 times the piston displacement. In important 
installations the use of two such tanks is advisable, both being kept under pressure 
and the second used as a reserve for the first. < 

5. Starting by Electricity. Gas engines which are used to drive electric generators 
may be started, in case a storage battery or another source of current is available, 
by operating the dynamo for a few turns as a motor. The use of current in this 
manner, of course, assumes that there is sufficient capacity in the battery. The 
actual arrangement of the system of wiring used for the purpose may be seen from 
the diagram of connections, Fig. 454. This shows that the normal wiring system is 
increased only by the addition of a double-throw switch and a connection shown in 
broken line in the figure. The method of operation 
is very simple, it is merely necessary to close a double- 
throw switch, to regulate the position of the charging or Baha & 
discharging levers and to adjust a resistance box. As Oe iy Oca 
soon as the engine picks up its cycle and the starting 
current drops to a certain point, an automatic circuit 
breaker acts, and the dynamo, which up to this point 
has acted as a motor, operates under no load until the 
proper switches are thrown and the circuit is closed. 

The use of a storage battery as the source of 
starting current, is only feasible for the smaller 
engines, say up to 50 H.P., and even for these the 
service is rather severe on the battery. It is quite 
possible to totally destroy small batteries in a few Fee otk. of Coctiont 
days when used for starting, especially if the matter Tob iding Gensiator aa el oratiing 
is not skilfully handled. The engine should always be Motor. 
started with the piston in position at the end of the 
compression stroke, in order that the electric motor during the next three strokes is 
required to accelerate only the fly-wheel and to have the kinetic energy of the latter 
aid in the next compression stroke. It is totally wrong, even with the largest and 
most powerful battery, to commence starting with the piston, for instance, at the 
end of the suction stroke, because in such case the motor must not only accelerate 
the moving parts, but in addition is called upon to overcome the maximum resist- 
ance at the crank. It is probably best in all cases to start by holding open the 
exhaust valve, and thus calling upon the electric motor only for enough energy to 
bring the fly-wheel up to the desired speed, and after this is accomplished to set 
the valve gear to normal! position. 












Batlery 









ES. Corcunt Breaker. 


Dynamo 


296 DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION MOTORS 


The figures in the following table will give some idea of the power consumed 
in overcoming the starting resistance: 


TABLE 27 


POWER CONSUMPTION OF STARTING-MOTORS 








40 H.P. Deutz engine driving A. E. G. Dynamo, 60 H.P. Deutz engine driving A. E. G. Dynamo, 
110 V.;200 Amp. 110 V., 450 Amp. 
1. Second 112 volts | 30 amp. 1. Second | 110 volts | 50 amp. 
2. WW TS te 40 ‘ 2 ue Oars SOR 
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Gas 110 eg ee Ge 110 6 vihateoe i 
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According to an empirical formula, based by Leroy upon the results of several 
tests on the subject, the maximum power required to start by electricity in the 
manner described is approximately 2 of the maximum capacity of the dynamo 
concerned.! 


III. Mufflers 


The noise caused by the air drawn into the engine and that due to the exhaust 
is annoying even in small engines; in large machines it may become a public nuisance. 
The various kinds of mufflers used to diminish or abolish this noise show a number 
of different constructions, but they all depend for their action either upon the gradual 
decrease of the air or gas velocity, or upon the principle of the Helmholtz ‘resonator,’ 
in which the inlet or outlet pipes are enlarged into one or more equalizing chambers 
into which the sound waves expand with consequent reduction of intensity. The 
latter method is the one mostly used for exhaust mufflers. 

1. Inlet Mufflers. Besides decreasing the noise, inlet mufflers also serve the 
purpose of freeing the air from the coarser mechanical impurities and of any con- 
siderable amount of water that it may carry. Simple vessels, or receivers, used for 
this purpose are usually given a volume at least equal to five times the piston 
displacement, and where possible more. Baffle plates, perforated partitions, and 
similar means for reducing the noise make it possible to make the muffler volume 
considerably smaller. The wall thickness of the mufflers depends directly upon . 
considerations of manufacture; the material mostly used, that is, cast iron, requires 
a minimum thickness of from 4 to 2’. Sheet-steel mufflers are most often used 
in combination with baffle plates, partitions, etc.; without these such mufflers require 


1 Revue industrielle, 1898, p. 229, according to L’industrie électrique, 1898. 
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considerable wall thickness in order to prevent resonant vibrations in the muffler 
walls themselves. 

It is possible, in many cases, to sufficiently deaden the noise by taking the air 
from the base of the engine, or by shaping the end of the pipe so that the inlet 
cross-section is divided into a number of narrow slots (.04 to .08’”) of ample length. 
In the former case, the air inlet to the interior of the frame or bed should not be 
placed in the side next to the fly-wheel because of the greater quantity of dust: 
there stirred up, which latter then easily reaches the cylinder. 

It is distinctly not advantageous, in the case of vertical engines, to draw the 
air from a closed crank case. Under such conditions the air_is considerably pre- 
heated, is consequently less dense, and may further be contaminated by oil vapors. 
On the other hand, taking the air from the room itself has the advantage of aiding 
in the ventilation and further may serve to draw out of the room some of the oil 
vapor formed, a fact more or less pleasantly noticeable, especially in small installa- 
tions. 

In the case of large engines the complete abolishment of the inlet noise is 
possible only at considerable expense, and then only with means that in most cases 
require considerable room. The most common way of doing this is to construct 
special pits or underground suction chambers which are connected to the engine by 
means of masonry conduits and have their own inlet openings in the open air, where 
there is least dust. In some cases large engines have been allowed to draw air 
from interior chambers in their own foundations, but the scheme is permissible only 
when the chambers have been finished inside to guarantee absence of dust and have 
otherwise been so constructed that a transfer of the sound waves cannot take 
place. 

2. Exhaust Mufflers. Exhaust mufflers, in order to be fairly efficient as regards 
deadening of noise, require a volume equal to from 15 to 20 times the piston dis- 
placement. In general, however, the volume is made only from 6 to 8 times the 
piston displacement at the expense of efficiency. To fulfil the strictest requirements 
as regards muffling, it is not only better but generally also cheaper to connect two 
or three smaller mufflers in series. As in the case of inlet mufflers, the addition of 
any scheme to gradually increase the volume or to gradually change direction of flow 
by baffles, ete., enables the use of exhaust mufflers of smaller volume, but in the 
use of such means care should be taken to see that the back pressure on the engine 
is not too greatly increased. In general, the slower the flow of gas from the cylinder, 
i.e., the slower the opening of the exhaust valves or ports, the smaller may the 
mufller be made. For that reason, engines with a ring of exhaust ports, for instance, 
require larger mufflers than machines having exhaust valves. In multicylinder engines 
it is a good scheme to furnish each cylinder with a muffler, in order to prevent any 
possible interference of the outflowing gases. 

Cast-iron muffle pots having an internal diameter of D inches may be given a 
wall thickness of about 


See o5" but S should never be less than #”. . . .. . (1) 


50 
Their height or length should be about 
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Above D=about 40”, the use of a wall thickness according to Eq. (1) results in 
cumbersome and heavy constructions. It is consequently better above this size to 
use sheet steel, as, for instance, old boiler plate from % to 3” thick. 

The inlet and outlet openings of these muffle pots should be separated from 
each other as far as possible, the one for instance should be placed diametrically or 
tangentially above the bottom, the other axially in the top or head, see Figs. 457-458. 
Just above the bottom there should be a drain-opening at least 1’’ in diameter. 

The sheet-steel mufflers bought in the market rarely form a completely successful 
substitute for the muffle-pot. They are internally strongly corroded by the exhaust 
gases even when galvanized, and in most cases increase the back pressure. Further, 
if the steel is not of ample thickness and the surfaces not sufficiently stayed, each 
exhaust may cause noisy vibrations in the muffler itself. 

Large muffle pots sometimes cause considerable annoyance on account of radia- 
tion of heat. . For this reason, in several of the large engines, a part of the cylinder- 
cooling water is sprayed into the muffler, or the exhaust line may be used as the exit 
for all of the jacket water. In such cases, however, the greatest care should be 
exercised to see that the water can, under no circumstances, flow back into the 
cylinder or be drawn back by the piston. From a practical standpoint this scheme 
of cooling the exhaust gases has the disadvantage that the pipe is very apt to rust 
through and must be very thoroughly drained in cold weather. Further, the exhaust 
is constantly accompanied by a cloud of steam, which makes impossible a visual 
judgment of the quality of the exhaust gases. 


Designs of Mufflers: 


The quieting of the exhaust noise 
in large gas engines offers even greater 
constructive difficulties than the muffling 
of the inlet. The common muffle pots 
finally assume very large dimensions, 
and even then do not fully serve their 
purpose. The best scheme is in this 
case, also, the construction of under- 
ground masonry ducts into which the 
gases are allowed to enter after the 
greater part of the expansion has been 
completed in an iron muffle pot. Prob- 
ably the most complete deadening of 
the ncise is obtained if, after the ex- 
haust gas has been allowed to expand 
into the ordinary muffler or into a duct, 
it is drawn out of the latter by means 
of an exhauster running in a_ water 
spray, and thus discharged into the 
open air inasteady stream. The method, 
however, is rather costly, since it re- 
Fies. 455 and 456. Fias. 457 and 458. quires a steady source of power, a 


Exhaust Muffler, 6 H.P. Muffler for a 12 H.P. constant supply of cooling water and is 
Engine. Hornsby Engine. subject to frequent repairs. 






































AUXILIARIES 299 


(dey ot Hae 
Sakai ia 
——__/5,/5-—>| 





V~ 7Cuft 


















































Fias. 459 and 460.—Exhaust Muffle 
for a 25 H.P. Engine. 
(The cover may be shifted so as 
to bring the flange opening for the Fias. 461-464.—Steel Plate Exhaust Muffler, 80-100 H.P. 
outlet pipe in the desired position.) Engine. 





IV. Cooling Arrangements 


_ Although the smaller sizes of automobile engines-are often cooled by some method 
of air cooling, stationary engines are almost without exception cooled by water. The 
cooling at least extends to the combustion chamber and that part of the cylinder 
uncovered by the piston in its travel, but it is in many cases also extended to the 
other less highly heated parts. 

Experience shows that on the average one-third of the total heat supplied per 
effective horse-power hour is lost in the external cooling medium. With the liberal 
assumption that the consumption of heat per H.P. hour is 12000 B.T.U., it will 
be seen that the cooling medium must be able to carry off 4000 B.T.U. per H.P. 
hour. With a temperature range of 90° (from 60 to 150°), this corresponds to a 
consumption of cooling water equal to 45 lbs. (5.5 gals.) per H.P. hour, assuming 
that the hot water is wasted. 

In the larger engines the heat consumption per H.P. is considerably smaller 
than above assumed. This has the effect of reducing the amount of cooling water 
required (to about 4.25 gals.) especially since the larger the machine the smaller will 
be the proportionate heat loss to the jacket. On the other 
hand, certain features of construction and of operation of large 
engines make it usually necessary not to heat the jacket water { 
above about 125°, which will again tend to increase the quantity 
used. In case the fuel mixture carries easily inflammable gases, 
like hydrogen, it is well, in order to be on the safe side, to 
estimate the amount of cooling water required per H.P.-hour at not 
less than from 5.5 to 8.0 gallons, based upon maximum capacity. 

It is of advantage to construct separate inlet and mig. 465.—Direct Cool- 
outlet lines for the jacket water to the most important ing of a Horizontal 
engine parts requiring cooling (cylinder head and barrel, Engine. 
valve cages and stuffing boxes, exhaust valve, piston and piston rods, etc.), so that 
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the supply to each can be independently regulated. For the water-cooled pistons of 
large engines a separate line is indispensible since the water must be under a pressure 
of from 60 to 75 lbs. per sq.in., while for the other machine parts a head of from 
25 to 35 feet is usually quite sufficient. 

Wherever it is not possible to obtain sufficient cooling water, that is, where it is. 
obtained only with difficulty, or where its cost is high, it becomes necessary to cool 
the hot water by some artificial means in order to use it over and over. In this. 
way only the escaping vapor or steam must be replaced and the consumption of 
cooling water may be cut down .8 gallon per B.H.P. hour. The cooling arrange- 
ments for this purpose in small installations usually consist simply of tanks whose 
capacity or superficial surface is sufficient to radiate the heat taken up from the engine 
during a limited period of operation. 

A somewhat forced means sometimes used to reduce the consumption of cooling 
water, consists in not only heating the water in the cylinder jacket, but in actually 
boiling it in the jacket space. Thus each unit of water carries away not only the 
heat of the liquid but in addition also the latent heat of vaporization, which is 
approximately five times as great as the former. Several disadvantages connected 
with this scheme, however, make it generally undesirable for use in stationary engines. 
In small alcohol engines it may under certain circumstances give satisfactory service. 
Altman in Berlin was the first to use this method of cooling in his alcohol locomo- 
biles, but the idea is common property and had already been used by Lenoir in 
1860 in his first gas engines.! 

To cocl the jacket water, there may be used 

1. Cooling Tanks, Fig. 466. They may be used in installations up to 50 H.P., 
and are constructed of galvanized sheet steel 7; or #3” thick. The bottom is either 
made of somewhat thicker stock or suit- 
ably stiffened. The height may be from 
1.75 to 2.5 times the diameter. The capa- 
city may be made approximately equal to 


V1.4 oN, cutt:. 21 0) eeeleen 


provided the engine, of N, B.H.P. normal 
capacity, is in operation z hours daily 
(2 $10). It is recommended, however, to 
use two or more tanks if the necessary 
capacity V exceeds 175 cu.ft. The flange 
for the outlet pipe is placed either in 
the bottom or in the side close to the 
bottom while the inlet opening is situated 
from 6 to 10” from the top. To: best 
fulfil its purpose the tank should be placed 
in a cool, airy spot, but of course not too far from the engine. On account of the 
danger of freezing it is not safe to place it outdoors. 

Generally the difference between the temperatures or weights of the two water 
columns is enough to maintain a slow, but under favorable circumstances sufficiently 





Fic. 466. Becting en for Horizontal Engine, 
Natural Circulation. 


+See Dingler’s Polyt. Journal, 1861, p. 2. 
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rapid circulation between engine cylinder and tank. Where the pipe lines are long 
or have elbows, and generally in large installations this method of producing circu- 
lation is not sufficiently dependable, and it is better to cause circulation mechanically 
by means of a rotary pump. The periodic addition of fresh water to the system 
to replace that lost by vaporization is most easily made automatic by the use of 
a float-regulating valve. 

2. Extended Surface Radiators. These are connected by short pipe lines, top and 
bottom, to the jacket space, and give good service in small installations if they can 
be erected in an airy place. The internal width of these radiators is from 3 to 4”, 
and the usual allowance is from 30 to 40 sq.ft. of superficial surface per B.H.P. per 
day of 10 hours. : 

38. Cooling Towers. These use either natural draft or fan draft to cool the hot 
jacket water. Cooling towers with natural draft are used in large gas-engine installa- 
tions only when absolutely necessary, on account of high first cost and large space 
required. For every 1000 lbs. of water cooled, they require, when 12 to 14 layers 
of plank or crib work are used, from 5 to 10 sq.ft. of floor space. 

Fan coolers are quite widely used for portable oil engines. The hot water enters 
these coolers at the top through a spray nozzle, flows down over 10 to 15 partitions 
or baffle plates, around which air is blown from below, and gathers in a reservoir 
at the bottom, cooler by from 30 to 45°. From here it flows to the cylinder and 
back to the spray nozzle. Oil locomobiles powered with 8 to 12 H.P. use fan 
blowers having from 12 to 16’ wheel diameter. The entire housing is made of 
sheet steel, and covering a space of approximately 5 sq.ft., has a height of from 
4 to 5 ft. Corrugated crib or plank work is the best filling to use, brush filling 
should be avoided. The power consumed by the circulating pump and the fan 
varies from 3 to 6% of the full engine power. 

4. Spray Nozzles and Cooling Ponds. Spray nozzles, when the water can be 
supplied to them under natural head only, find application in their simplest form 
also in small installations. But outside of this, they are used only in the large 
installations because the power consumed by the nozzles when a certain higher 
pressure is maintained on them is considerable. Cooling ponds become available only 
when large unused plots of ground can be had and when the soil is of such nature 
that costly masonry or concrete work is not necessary. As far as the cooling of 
jacket water is concerned, these ponds are to-day installed only where circumstances 
compel their use. The waste water of scrubbers and other cleaning apparatus is, 
on the other hand, often made again available by the use of cooling and settling 
ponds. 

Purity of Jacket Water is not less important than purity of feed water for boilers. 
Although the formation of scale occurs only in certain places of the jacket space 
which are highly heated, the throwing down of earthy impurities in the water forms 
mud or slush and other incrustations which seriously interfere with the cooling action. 
Water, about the quality of which there is any doubt, should never be directly 
supplied to the jacket, but should be first allowed to settle out all of the impurities 
possible in settling vessels or tanks. 

To prevent the freezing of the water in the jackets when the engine is out of 
operation, certain chemicals, such as alcohol, etc., are sometimes added to the water. 
According to the experience gained in the operation of motor cars, wood alcohol is 
-both cheap and well adapted to this purpose. The proportion used is 3 to 5%. 
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V. Piping 


Regarding the general assembly or lay-out of pipe lines, see the assembly draw- 
ings in Part III, especially Plates VIII, IX, XXV to XXVIII, and XXX. Of 
course the general rules regarding the design and construction of pipe lines apply 
also to this case (ample cross-sections, as few bends as possible, and never sudden 
change of direction, means of allowing for expansion, means for draining of water 
and for expelling entrapped air, protection of walls of buildings against possible 
vibrations of any parts of the line, etc.). Care should be taken especially to see 
that the exhaust pipe is placed as far. as possible from air and gas pipes in order 
to prevent the radiation from the former from heating up the fresh charge, thus 
reducing its density, and consequently also the engine capacity. If circumstances 
do not permit of a satisfactory separation of exhaust and fresh gas pipes, the effect. 
above mentioned should be counteracted by suitable cooling arrangements, such as 
covering the pipes. 

1. Air-pipe Line. If the volume of the fuel is small as compared with that of 
the air used, a condition that generally holds for oil engines, the internal diameter 
of the pipe may be determined from 





aon rt EE 


in which D=cylinder diameter in feet, S=stroke in feet, v=allowable air velocity 
in the pipe in feet per second, and n=revolutions per minute. Depending upon the 
length of the line, » may be assumed from 30 to 60 ft. per sec. For the latter 
value, which holds for lines up to about 35 ft. long, eq. (4) becomes 





i= 2.2278" _ 285.V JP Sn: 1: x). ak ee 


Lines of abnormal length should be computed by means of any of the general - 
formule, taking into account pipe friction, pressure drop, etc. 

If the fuel gas constitutes a considerable part of the charge, the value of d 
may be made correspondingly smaller (see also p. 200). 

The intake end of the air-pipe line should be located in a spot cool, dry, and 
free from dust. The intake should be protected or screened in so that coarse dust, 
moisture or other undesirable additions can neither be drawn in nor reach the interior 
of the pipe in any other way. Regarding the muffling of the intake, see p. 296. 

2. Gas-pipe Line. The internal diameter of gas pipe for the connection between 
engine and pressure regulator or supply valve, for illuminating gas, is given in 
Table 28, p. 304, provided the length of the pipe is not more than 25 to 35 feet. 

The rest of the line from the gas bag to the main-supply pipe could be smaller, 
since in this pipe the gas, which is taken from the gas bag by the engine period- 
ically, flows in a steady stream. On the other hand, this part of the line is in most 
cases considerably longer than the other, and on account of the added frictional 
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resistance thus encountered, it is usual to make this pipe of somewhat larger diam- 
eter than the former. 

The pressure regulator is adjusted to give a pressure of from .4 to .6” water, 
measured at the gas bag. The pipe supplying the ignition flame should be branched 
off ahead of the gas bag, and should have 1” or 4” internal diameter. 

Power-gas lines should be computed on the basis of the quantity of gas, C, 
(see p.- 200) that flows through the pipes at every suction stroke of the engine. For 
lengths not exceeding 35 to 45 feet, what has been said above regarding air-pipe 
lines applies equally to these producer-gas lines. For lines of considerable length 
the pressure drop in the pipe may be taken at from .07 to .12” water for every 
100 ft. of pipe. 

For producer gas (Dowson gas) the size of the gas pipe near the engine is 
made at least one half of the inlet-valve cross-section. In long lines this diameter 
is gradually attained. Too close figuring on the sizes of gas pipe for producer-gas 
installations is bad, because the occasional deposits of dust and tar after a time 
tend to reduce the normal cross-sections of the pipe. Special care should also be 
taken to make the connection between engine and gas-cleaning apparatus as_ short 
as possible and with the least number of bends or changes of direction. Cleaning 
openings of ample size and easily accessible should be placed wherever possible, and 
finally, the line should be provided, near the engine, with a purge opening and a 
try-cock. The lines leading from the ventilating or purge opening should be of 
sufficient size, not under 1 inch, and should always lead directly to the open air. 
Even in a small installation the much-used scheme of clearing or purging the pipe 
line or system through the try-cock from the poor gas made during the heating-up 
period leads to bad contamination of the air in the room. The connecting in of 
cleaning apparatus in the gas-pipe line proper is not good practice, see p. 290. 

3. Exhaust-pipe Line. The cross-section of the exhaust pipe from the engine to 
the muffler may be made from 1.1 to 1.3 times the free cross-section of the exhaust 
valve, depending upon the length of the connections. On the other side of the muffler 
the line may be somewhat smaller than the valve cross-section, provided it is straight 
and of ordinary length. This statement, however, does not apply to 2-cycle scaveng- 
ing engines, in which the exhaust pipe should always be made as large as possible. 

The discharge of exhaust gas through the chimneys of living rooms should not 
be permitted. In the erection of the exhaust line, attention should be paid to axial 
expansion, to the possibility of drawing off any water from the lowest points of the 
line, and to satisfactory isolation of the pipe from fuel gas and fresh-air lines as 
well as from inflammable material. The first division of the pipe connecting with 
the engine, and in installations above about 100 H.P., all of the exhaust pipe in the 
engine room should be water-cooled, for which purpose the water from the cylinder 
jackets may be used. Concerning the muffling of the exhaust, see p. 297. 

4, Cooling-water Lines. Table 28 gives the diameter of the water pipe to and 
from the cooling tank when natural circulation is used. When a special circulating 
pump is used, the pipe sizes may be reduced to almost those given for fresh-water 
cooling in the same table. The size of the inlet pipe for fresh-water cooling, Le., 
where the hot water is wasted, may be determined from 
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when the water consumption is placed at the liberal figure of 10 gallons per B.H.P. 
hour, and the velocity in the pipe is assumed at 3 ft./sec. The size of the outlet 
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“pipe is made somewhat larger, from 1.25 to 1.75 d, depending upon length and drop. 
Table 28 also gives some average figures for this case. 

The branch lines leading to the other engine parts must be computed according 
to the quantity of water they must carry. The sum of the cross-section of all 
the branch pipes of course must not exceed the cross-section of the main pipe. Each 
branch line is furnished with its own regulating valve which is set once for all for 
the proper supply. When the engine is shut down, the water is shut off by a valve 
in the main line, while all of the valves in the branch line are left untouched. The 
water outlets should be free and so arranged near the engine that the hot-water 
temperatures can be easily read. Thorough draining of cylinder jacket and _ pipes 
is of importance on account of danger from frost and should be emphasized in the 
directions for operation. 


TABLE 28 


DIMENSIONS OF PIPE LINES FOR VARIOUS SIZES OF ENGINES 














Engine P : 5 Size of Gas . Pipe to Cooling Compressed 
Copsey. | Gan Five. | Meter; Number | "Tipe, Inlet. | Fibe; Ounce | Te, Natural | An Gag 
Inches. | Inches. | Inches. Inches. Inches. 
2 | } 20 + j se | 
4 1 30 4 3 4 
6 1 40 " a 13 
8 14 50 4 z 13 
10 1} | 60 7 1 2 
12 14 80 3 1 21 
15 14 100 B 1 24 aA 
20 2 150 4 1 o4 1} 
25 2 150 Ea 14 23 14 
30 on 200 z 14 23 14 
30, 24 200 1 jt 3 14 
40 3 250, | 1 1+ 3 14 
50 3 250 ee it 3} 13 
60 34 300 1+ 14 34 1? 
70 34 300 14 1? : 2 
80 34 350 14 13 2 
100 4 400 | 13 2 24 
125 4 400 | 13 2 24 
150 At 450 | 2 24 24 




















VI. Gas Meters, Gas Bags and Pressure Regulators 


These auxiliaries are used almost exclusively for illuminating-gas engines. Most 
gas-engine builders do not manufacture them themselves, but obtain them frem special 
factories. For that reason a consideration of the details of construction is probably 
not necessary. 

1. Gas Meter. Gas meters are designated according’ to the number of lights 
they will supply. Table 29 gives the approximate capacity of each size of meter 
in cubic feet of gas per hour. The size of the meter should be based upon the 
consumption at maximum engine capacity. 
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TABLE 29 


SIZES OF GAS METERS 


3 lights, capacity =approximately 17.5 cu.ft. per hr. 
c¢ ce ins ‘ 


5 = 28 .0 : 
10 oe ce = ce 52.5 oe 
20 (a é = ce 100.0 ce 
30 ec oe = oe 140.0 oe 
40 6c (as = (aa 195.0 a3 
60 “e oe == “e 280.0 (a4 
80 oe “e a ce 3885 .0 ce 

100 6 oe = be 490.0 66 
150 ce “e aes, (a3 700.0 ims 
200 ce oe pe ce 1000.0 ce 


The usual practice is for the gas company to furnish the meters and for the 
consumer to instal them. 

2. Gas-pressure Regulators. The purpose of these regulators is to maintain the 
_ gas pressure in the supply pipe at a certain level, irrespective of the variation in 
the main pipe. They are usually set to maintain a pressure of from .5” to .75” 
water, by suitably weighting the float. 

3. Gas Bags. These serve the purpose of equalizing the pressure fluctuations in 
the supply pipe due to the periodic aspiration of gas by the engine, and are there- 
fore connected in directly beyond the pressure regulator, i.e., between the latter and 
the engine. For the smaller engines, up to say 30 H.P., a single bag gives satis- 
factory service; in the larger installations several of them should be connected in 
series, or suction reservoirs of sufficient capacity should be connected in directly 
beyond the pressure regulator. 

The ends of the gas pipes shou'd fill the rubber hose connections of the bag 
tightly, and should extend into the bag proper anywhere from 4” to 8”. They 
should be strongly rounded off to prevent a cutting or wearing through of the rubber 
walls. The bag should not be called upon to support any part of either the inlet 
or outlet pipe. A good way is to use a continuous pipe passing in and out of the 
bag and to slot or perforate this pipe at the middle of the bag to give sufficient 
free passage for the gas. To protect the rubber against oil or possible external 
injury it is well to encase the bag in wood. 














TABLE 30 
APPROXIMATE DIMENSIONS OF RUBBER BAGS FOR REGULATING PRESSURE IN 
GAS MAINS 
i i : Li h 1 Di 
Capadiy.of Engine. | width of Bas. Length of Bas, ce eee 
Inches. Inches. Inches. Inches. : 
5) 13.0 18.0 3.20 .80 
1-2 16.0 20.0 Bato 1.00 
3-5 20.0 , 24.0 4.00 1.20 
6-8 22.0 28.0 4.50 1.60 
10-12 26.0 30.0 4.75 1.80 
16-20 28.0 32.0 4.75 2.00 
25 30.0 34.0 5.25 2.40 
30 -82.0 38.0 5.25 2.80 
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VII. General Machine Parts 


The following tables give data concerning dimensions of a number of simple 
general machine parts which, although in constant use in the construction of gas 
engines, are not usually manufactured by the engine builder but. bought by him in 
the market. The dimensions of such parts have become generally standard and the 
gas-engine designer therefore must, in their use, conform to general practice. For 
such parts as have not become generally standard, average practical values will be given. 

1. Screws and Studs. Connections under heavy loads should only be made up by 
means of machine screws, because they are cheap and simple, and above all most 
reliable. Screws less than 2” in diameter may be twisted off by careless setting up, 
hence their use in important places should be avoided. Studs are screwed into their 
seats so that the length of thread in position is at least 1.5d when placed in machin- 
ery steel and from 1.8 to 2d when screwed into cast iron or brass. The hole, when not 
passing all the way through, should be at least 4 of the screw diameter deeper than this. 




































































TABLE 31 
U. S. OR SELLER’S SYSTEM OF SCREW-THREADS 
| 
Bouts AND THREADS. HexaconaL Nuts anp Heaps. 

Wise eee 

Area of Area at | Square 

Diameter| Threads | Diameter | Width | Bolt Body | Root of Short Short Long | Thick- | Thick- ne 

of per jat Root of of | in Thread in am., Deen. Diam., | ness, ness, ugh. 

Bolt. Inch. Thread. Flat. | Square Square | Rough. Rough. | Rough. | Finish. 
/ | Inches. Inches. 

Inches. | Inches. Inches. | Inches. | Inches. Inches. | Inches. | Inches. | Inches. 
i 20 .185 .0062 .049 -027 4 Ti nat 4 3 | a 
th 18 | . 240 .0074 .O77 -045 B 45 id 5 9 | rea 
3 16 | .294 | .0078 110 068 i oi ae 51 3 + 93 
aon 14 .344 .0089 .150 .093 3 | 23 35 is 3 | 1& 
3 13. | .400 | .0096 | —.196 126 Pl 1 i % | 18 
fs 12 454 |; .0104 .249 .162 = 33 14 ss 4 | 123 
3 11 | .507 SOUS). |} .307 . 202 3 1 14 2 3 | 1s 
3 10 | .620 | .0125 442 302 | _ 93 1+; 1 es Ht ie 
$ 9 | vlad .0138 | .601 .420 14 12 123 q 3B 245 

1 S «| > Vee7a Ol soetes 85 .550 18° as 14 1 13 219 
1d 7 .940 .0178 .994 .694 183 13 235 14 17 235 
1+ Zh 1.065 .0178 Were .893 2 133 275 j+ 13 233 
12 6 1.160 .0208 1.485 PeO5e 235 24 245 12 1; 335 
1s 6 1.284 | .0208 | 1.767 17205 | 2 | 2a | 28 u 1% | 3a 
12 54 1.389 .0227 2.074 1.515 | 2% | 24 | 23% 12 14 3 
1} 3: 1.491 .0250 2.405 1.746 23 2H | 333 13 14 3ah 
iz 5 1.616 | .0250 | 2.761 | 2.051 | 238 | 2% | 3% ie 1 | 42, 
2 44 i Als .0277 3.142 2302s lease | 325 | 32 2 113 424 
24 44 1.962 .0277 3.976 | 3.023 34 3y5 | 475 21 23; 4% 
24 4 2.176 .0312 4.909 3.719 3k | 342 44 24 25 | 5 
22 4 2.426" |" 2.0312 5.940 4.620 41 43 | 438 23 2. 6 

3 34 2.629 .0357 7.069 | 5.428 42 4% | 53 3 218 | «(645 
3t 34 2.879 .0357 8.296 | 6.510 5 423 533 3t 335 Td 
34 3i 3.100 .0384 9.621 | 7.548 52 53; | 6¢& 34 375 |. 7# 
3} 3 Seo, .0413 11.045 | 8.641 52 5H 63 32 te | #8} 
4 3 SL DOU .0413 12.566 | 9.993 6 64; | 7% + 338 | 8a 
4} 25 3.798 .0435 14.186 11.329 63 635 | 7s 44 43, | 93 
44 22 4.028 .0454 15.904 12.743 6g 62 73% 44 44, 93 
43 22 4.256 .0476 EKeion 14.226 4 735 833 43 444 | 104 
5 24 4.480 .0500 19.635 15-¥63 2 735 88 5 415 1042 
Bee 4. 29° 474.730 1/0500! "| (216465) 97- 578 8 mae TE OS 0 st 5a | 114 
5. |. 28 4.953 .0526 23 .758 19.267 82 835 923 54 55 11g 
52 | 22 5.203 .0526 25 .967 21-262 8? Wh 1033 52 aT} 122 
6. |. 2& | 5.498- | 0555 “} 28-974 | 93.098 | OR 97, | 1038 | 6 538 | 1235 
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TABLE 32 


ALLOWABLE LOAD IN POUNDS ON SCREWS OF VARIOUS SIZES, ACCORDING TO BACH.! 


























1 2 3 | 4 | 5 | 6 7 8 
DIMENSIONS. ALLOWABLE Loap. 
Screws set up comparatively 
Screws under Tensile Stress Screws under Tensile and Wen in the beginning and 
ngoene only, orsign stress! urther drawn up during 
External Bottoui of operation, as Flange Bolts 
Diameter, Thread for example. 
Inches. SquareInches = 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
4 .027 185 230 138 175 32 40 
a5 .045 310 388 233 291 74 88 
g .068 467 583 348 435 132 165 
va .093 640 800 480 600 216 271 
4 .126 825 1030. 617 775 324 407 
3 .202 1385 1730 1040 1300 623 782 
3 .302 2070 2590 1560 1940 1070 1305 
¢ .420 2880 3600 2150 2700 1610 | 2020 
i .550 3780 4730 2830 3530 2110 2650 
14 .694 4750 5950 3570 4450 2680 3320 
1 893 6100 7640 4580 5730 3430 4280 
13 1.057 7200 9060 5420 6790 4070 5090 
14 1295 8870 11050 6650 8330 4980 | 6230 
1% HORS: 10000 12550 7550 9400 5650 7060 
13 1.746 11900 14900 8950 11700 6740 8400 
1¢ 2.051 13550 16920 10100 13300 7620 9550 
2 2.302 15750 19650 11800 15450 8850 11100 
24 3.023 20000 25000 14950 19550 11200 14050 
24 Saf) 25400 31900 19000 24900 14300 17900 
22 4.620 30400 38100 22800 29800 17100 21400 
3 5.428 37100 46500 27800 36500 20900 26000 


























The original table was based on Whitworth thread, but the figures have been directly trans- 
posed, since the differences between the bottom areas of this and the Seller’s thread are not great. 


Notre. Columns 3, 5, and 7 apply to screws of steel of average quality; columns 4, 6, and 8 
to screws of superior grade. The stress per square inch of area at bottom of thread has been 
taken as follows: 


@oltimmne see 3 4 5 6 a 8 
6800 8500 5100 6400 3820 4650 lbs. per sq.in., 


except for screws from + in. to ? in., for which the stress has in each case been taken 10% less. 
Where first-class soft steel is employed the values in columns 7 and 8 may be exceeded 30%. 
For gas thread, see Table 34, p. 309. 
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2. Keys. The material used is soft or crucible steel. Keys are tapered along 
the top surface only and the taper amounts to from 7; to yt). When two sunk, 


flat, or saddle keys are employed they are placed at an angle of 120°, unless pecu- 
liarities of hub construction, etc., compel the use of smaller angles. 


TABLE 33 


DIMENSIONS OF KEYS 
































r) 3 r) 3 2 
S 8 8 is} 
Fics. 467a—-467d. 
| Fiat or SapDLe Keys. Sunk Keys. 
Deter ! Keys. Key Seat, Depth in 
Shaft. ‘ 
| Width, b. Thickness, a. 
/ Width, b. Thickness, a. Shaft. | Bore. | 
Inches. Inches. Inches. Inches. Inches. Inches. Inches. | 
5. | 40 .20 40 25 .10 15 | 
1.007 | 45 .20 45 25 .10 15 |e 
1.25 50 ° .20 50 .30 10 .20 SM: 
1.50 .55 25 .55 85 10 25 254 
1.75 65 .25 65 .40 125 .275 236, 
2.00 | .70 .25 .70 40 .125 275 ee 
2255 .80 125 .80 45 15 .30 aon 
2.50 | 85 .30 .85 .50 15 85 ao 
py sie .90 .30 .90 .50 15 85 Se 
3,007 | 95 35 95 .55 15 .40 one 
3.50) \l\" SaeIG 35 1.10 60 20 40 aq 
4.00 | 1.20 .50 1.20 .70 .20 .50 Sas 
4.50 Suitable for light shafts only. | 135 ahs .20 Foo oF Pe 
5.00 | 1.50 .80 25 55 ee 
6.00 Double Keys. 1.70 95 .30 65 Oe 
7.00 2.00 1.10 B85 75 Soe 
8 .00 1.00 | .80 2.25 1.20 .40 .80 oie ae 
9.00 | hes 90 2.50 1.45 45 1.00 Bae 
10:-00 2-5 ape a20 1.00 2.75 1.65 50 1.15 Roe 
12.00 ieeraess | Fil, wT voo 3.20 2.00 55 1.45 oe 
14.00 175) lh 40 3.70 225 .70 rats as é 
16.00 1.95 1.50 4.10 2.45 .80 1.65 Sue 
18.00 2.10 1.60 4.50 2.60 .90 1.70 Aes 
20.00 2.20 1.70 4.80 2.80 1.00 1.80 
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3. Gas Pipe, Pipe Fittings, and Flanges. 
TABLE 34—DIMENSIONS OF WROUGHT-IRON WELDED PIPE—U. S. Standard 






































Nominal Actual Actuai Thickness Weight of Number of 
Inside Outside Inside to) Internal Area. | External Area. Pipe per Threads 
Diameter. Diameter. Diameter. Metal. Lineal Foot. per Inch. 
Inches. Inches. Inches. Inches. Square Inches. | Square Inches. Lbs. No. 
$ 405 .270 .068 .057 . 1288 - .24 27 
4 .540 .364 .085 .104 . 2290 .42 18 
3 .675 493 O91 .191 .3578 .56 18 
4 .840 .622 .109 304 064 .84 14 
3 1.050 824 sts Spe .866 1 IY 14 
1 Leos 1.048 .134 861 1.358 IAs 114 
1} 1.660 1.380 .140 1.496 2.164 2.24 114 
14 1.900 1.610 .145 2.036 2.835 2.68 114 
2 ZS 2.067 alto: 3.356 4.430 3.61 114 
24 2.875 2.468 . 204 4.780 6.492 5.74 8 
3 3.500 3.067 .217 7.383 9.621 7.64 8 
34 4.000 3.548 . 226 9.887 12.566 9.00 8 
4 4.500 4.026 SEE 125730 15.904 10.66 8 
44 5.000 4.508 . 246 15.961 19.635 12.34 8 
5 5.000 5.048 .259 19.986 24.301 14.50 8 
6 6.625 6.065 .280 28 .890 34.472 18.76 8 
a 7.625 7.023 .301 38 .738 45 .664 DBS DATE 8 
8 8.625 7.981 022 50.027 58 .426 28.18 8 
9 9.625 8.937 044 62.730 72.760 33.70 8 
10 10.75 10.018 .366 78 .823 90.763 40.06 8 
11 Teo: 11.000 aH) 95 .033 108 .484 45 .02 8 
12 Teo 12.000 ase: 113.098 WASTE 49.00 8 
13 aye! V3e25 MVS: 137 .887 153 .938 54.00 8 
14 15 14.25 BOD 159 .485 176.715 58 .00 8 
15 16 joy 745) Fon 182.665 201 .062 62.00 8 
18 17.25 .B75 239 .706 254 .470 70.00 
20 19.25 375 291 .040 314.159 78 .00 
22 2V25 Boe 354.657 380.134 85.00 
24 PBS PAS Pole 424 558 452 .390 93 .00 
he 
TABLE 35 
















SSIS: 
"amen | ge 
KEKE (ce VET 







DIMENSIONS OF BRASS UNIONS FOR HIGH-PRESSURE 
COPPER PIPE 










al Ps he 


aayliy CY LLLM, 
A g$ RSSst 
Cisne 

0) 


Ati DIMENSIONS IN INCHES 


ae 
























































ic es Material of the union itself is brass or bronze, that of the cone is copper 
Tia. 468. 

Diameter 
of Pipe. Small 

Diameter 
In- | Ex- of 
ter- | ter- Hexagon. 
nal, | nal. 
a a b v c es d e f* g h a k 1 m n o Dp qa r s t 
16] .28] .44| .48] .92] .76] .68] .32] #2” |1.44/1.80)]1.20].60).28)1.00) .60 Grr soppy anele:| 160 .60}1 .72 
28] .44] .60) .64]1.08| .92| .84] .40] 2/’ |1.60/1.80)1.20).60).36)1.00} .60) continues 1.60} .60|1.80 
40! .56| .72| .76)1.32/1.08/1.00] .48]}1” |1.76]1.80/1.20).60).40'1.00) .60 Sere eey co O00 .60]1 .84> 
_ 48]! .64) .84) .88!1.32/1.32/1.16] .56] 14/” |1 .92/1.80)1.20).60).48/1.00) .60} tube up tojl.60) .80/2.12 
.56| .76| .96.1.00/1 .44/1.32/1 .32] .64) 14” |2.08)1 .80/1 .20) .60) .52)1.00} .60 a=.56 1.60} .80/2.16 
.64| .84/1.04/1 08/1 .60/1.44/1 40] .68] 12” |2.08]1 .80]1 .20).60).52|1.00} .60) .20) .80) .60,1.60} .80)2.16 
80/1 .00/1.20'1 2411 .80/1.60]1.60) .76] 13’” |2.32/1 .80}1 .20) .60).52]1.00} .80} .20)1.00) .60/1 .80)1 .00)2.16 
1.001 .20]1 44/1 .48]/2.00)1 .80/1.88] .88] 13/7 |2.64/1 .88]1.20] .60|.56]1 .00)1 .00) .20)1.20) .60)2 .00)1.20)2 .20 

2.16/1.00/2 |2.88]1.88]1.20).60) .60}1.00]1.20) .20)1.40| .60)2.20}1 .40\2.24 



































1.20)1 .40)1 ane 2.16/2 .00 





* Pipe Thread 
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TABLE 36 
DIMENSIONS AND WEIGHT OF STANDARD PIPE FITTINGS 


Compiled mostly from data given by CRANE Co. 
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TABLE 37 


DIMENSIONS OF STANDARD PIPE FLANGES 
(Millar & Son) 


ALL DIMENSIONS IN INCHES 



































ee erin tment | tiarenewn| Discter || Tame of) |) Disnter) [Number | Sige, || Length of 
- A B C D Bolt Circle. Bolts. Bolts. Standard. 

1 4 Te 133 4 3 : 4 ts 14 

ile 45 t 275 0 3% | 4 1s 13 

14 5 fs 25 j 3 4 k 1 

2 6 g 3y 1 43 4 3 2 

24 a HW 33 14 54 4 3 24 

3 74 2 4; 14 6 4 & 24 

3} 8} FY 4g Lis 7 4 4 $ 

4 9 43 53 13; 74 4 2 23 

44 9t 6 5té 1 73 8 2 3 

5 10 1 645 14; 4 8 3 3 

6 11 1 1% 1g gt 8 3 3 

v 124 14 83 14 102 8 2 3+ 

8 134 14 ry 13 11? 8 3 34 

9 15 14 102 13 134 12 R 34 

10 16 13 1138 1} 14} 12 q 33 

TABLE 38 
DIMENSIONS SUITABLE FOR OVAL FLANGES 
Aut DIMENSIONS IN INCHES 

(SVAN ONY OSS oan nbloe cid 4 orgie ae 4 2 4 2 2 1 1} 14 12 2 24 3 
Whadthiot ance, rast ctrpa-ises/s 1.40] 1.60] 1.92] 2.08 | 2.32] 2.64/3.04)3.36|3.76|4.10|4.80| 5.56 
Length of danse, (Ojaecte. a a> et 2.64| 2.80) 3.44|3.60|3.76|4.00| 4.64) 4.96 |5.46| 6.16] 6.90] 7.76 
Center to center of holes, b.......| 1.60) 1.68] 2.16] 2.32) 2.48] 2.72] 3.20/3.44/3.76/ 4.24) 4.87] 5.60 
Diameter of bolt hole, c......... ts Ty 4 4 4 4 & g 8 4 | 45 
Thickness of flange, e*.......... TBO oO S60) 240) 401" 240)" .40r 40) 550). 50)|) 260) ae 
IRAGIUTS I oo oa hob cooec abooo Roe 2.32) 2.16| 2.68 | 2.52] 2.42] 2.36] 2.72) 2.80/3.08| 3.60] 3.84] 4.24 
ISLE, GA aoodas cea 50 OD eR ooaau 252)" 66u> 64: |— 64), 264) 64) 372) 376284] .96))1..00') 16s 



































* Applies to steel flanges, for cast iron flanges, thickness=appr. 13 e. 


+ Applies to Type I, for Type II mean radius ="5- 
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4. Helical Springs. In the following table, which was printed in Power, July 
1907, P represents the maximum safe load for helical springs made of round-steel 
wire, D is the pitch diameter of the spring in inches to the center of the wire, and 
f the corresponding deflection of the spring (tension or compression) in inches for 
one coil. 

The table is based upon the following general equations: 


7) 


02 dee 64r3P. 8 D8P.. 
9 is 
aa pee .392 — Ka lbs., i ME org t D 





S 


O=diameter of the wire in inches; 
E=torsional modulus, assumed at 12600000; 
t=number of windings=1.0 in the table; 
Ka=safe fiber stress, has been assumed to vary for the different sizes of wire 
as shown in the table.t 


Regarding the determination of the principal dimensions of valve springs, see 
p. 203; concerning the la re 4 ariation of load with deflection, see the force 

203 the law for the variat f load with deflect the f 
diagram, Fig. 257. 


1The computer of this table states that it has been adopted by a number of designers and 
found useful. It seems to the translator, however, that the maximum fiber stress assumed is rather 
high for all sizes of wire from }” to 14”. In his own practice he would use about 60000 lbs. for the 
14” wire, and increase it by steps up to 100000 lbs. for the }’’ wire. If it is decided to use any 
other stress than that assumed in the table, the corrections for P and f are very quickly made, for 
since Kg occurs in the first power in the equation for P, and P occurs in the first power in the 
equation for jf, it is only necessary to multiply the figures in the table by the ratio of the stresses, 
taken in the proper sense. For instance 
From the table, for a stress assumed at 90000 lbs.. 0=1.0, and pitch diameter=6.0”, 
P=5870, f=.805”. 
If the stress had been assumed at 60000 Ibs., then 


60 000 60 000 
=—— §870=3900 lbs., d f=——— .805=.536”. 
90 000 587 Ss. andie yf 90 000 805 =.536 
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CONSTRUCTION, ERECTION AND TESTS OF MODERN INTERNAL- 
COMBUSTION ENGINES 


Tue following pages contain some detailed information on a selected number of 
the most recent types of internal-combustion engines, including in most cases resiilts 
of the latest tests, together with lists of sizes and weights. Although the construc- 
tions discussed cannot perhaps in all cases be regarded as typical without qualification, 
taking them altogether they represent a very gratifying picture of the high develop- 
ment the gas-engine industry has to-day attained. 

The drawings, clear in execution and true to detail, hardly call for any extended 
descriptions. It is sufficient to point out the main details of the design, from which 
the manner of operation will in general be easily understood. In view of the fact 
that many of these types are used for oil as well as for gas fuel, the engines described 
in the following pages are not classified in any way according to fuel used, but the 
subject-matter is arranged simply according to makers. The sequence has _ been 
decided, as far as possible, only with reference to the length of time the various 
engines have been on the market, there being absolutely no intention to establish 
an order of merit.! 


A. STATIONARY ENGINES 


The great majority of stationary internal-combustion engines serve simply as 
prime movers operating single machines or groups of machines by means of main 
shafting, countershafting, and other types of transmission. Direct connection of 
power consumer to prime mover is a special construction of which direct-connected 
electric generators, blowing and pumping engines are well-known examples. 


I. Capital Cost and Cost of Erection 


The question of operating costs touches the designer only indirectly. These costs 
are made up not only of fuel costs, cost of lubrication and attendance, but are strongly 


1TRANSLATOR’s Nore. This does not apply to the material added describing American machines. 
This was written up simply in the order in which the information was received. 
313 
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influenced also by cost of erection, of maintenance, floor space required, etc. For that 
reason a consideration of the latter factors is therefore not out of place. General 
comparisons of operating costs made up on the usual plan are nearly worthless. 
The items fundamentally concerned in computations of this kind differ so much 
among themselves, that only a close examination of every item in each separate case 
will serve the purpose. It is hoped ‘that the following pages may serve as a reliable 
guide to this end. 

1. Fuel Costs. The statement of fuel consumption should include that used during 
starting up, during stand-by periods, etc. The purchase price of the fuel is understood 
to refer to the actual cost at the place of consumption, that is, freight, loss through 
drying and sifting, and, in the case of gas, the influence of pressure and. temperature 
upon meter readings should also be taken into account. Where the load on the plant 
changes considerably, it is usually found that only the total fuel used per operating 
day is known, and not the quantity per H.P. hour. In general, the fuel consumption 
per horse-power changes with the load on the engine, that is, increases or decreases 
with the latter in an inverse ratio. Different engines vary considerably in this respect, 
but the figures in the following table serve as practical average figures for the increase 
of fuel consumption with decrease of load: 


Load approxinatelyen.a..s ence ook aoa eee # z 4 4 ¢ of rated load 
Illuminating-gas engine, about.............. 10 20 35 60 90% , greater consumption 
Suctionvegs engine, abouts. ne aee se 20 30 50 75 100%; per B.H.P. hour 
Dieselzoilengineaboubese eet eee 10 20 30 55 80% | than at full load. 


Gas engines in combination with gas producers show a more rapid increase in the 
fuel consumption with decrease in load than either illuminating gas or oil engines. 
For this reason the latter may at certain loads be more efficient than the former when 
at full load the reverse is the case. 

If an engine uses on the average gq B.T.U. per B.H.P. hour, and if 1000 B.T.U. 
cost b cents at the place of consumption, the fuel costs per B.H.P. will be 


ZG iy 
Ko To00 2 cents: et ow A 


~ 


. . . . . Dy; Af 2 4 
If the economic efficiency of the installation is wa so that | we may also 
Ww 


write 


2545 0b 2.5456 
= =: == ital. Kater ess SER ain eae 
Ko jw 1000 e cents (2) 





Examples. 1. Suppose that a total efficiency of 18% is guaranteed for a 50-H.P. suction-gas 
installation. Anthracite delivered at the producer house costs $6.80 per ton. The heating value 
of the fuel is 13 500 B.T.U. per pound. We then have 


2545 680 1000 








= .025 cent, 








: . .025 
and Ky= x =.35 cent. 
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2. Cost of Attendance. The statement often made that a given gas-engine 
installation needs no attendance is of course untrue, for even the smallest size requires 
some attention. It is however certain that gas-engine plants throughout require less 
attendance than steam plants of the same capacity. They require less time, or may be 
served by cheaper labor. The amount of attendance required of course directly depends 
upon the brake horse-power Nn of the installation. For the ordinary operating period 
of ten hours per day the hours of labor that must be expended on the installation 
may be approximately expressed by 


W= .25V Nn hours (for illuminating gas and good grade oil engines) . . (3) 
and by W =1.25V Nn hours (for anthracite or coke-suction gas plants). . . . . (4) 


If the cost of labor, wages of the attendant, is x cents per hour, the cost of labor 
per B.H.P. hour, based on the normal rating of the engine, will then be 


25V Nn .025¢ 











Kw= ion, 2 VN cents (for illuminating gas and good grade oil engines) . (3a) 
and 
PO UBBNANG, 125m , 
Kw= 10. ae cents (for anthracite and coke suction-gas plants) . . . (4a) 
Assuming an average wage scale of 20 cents per hour, the cost of attendance per 
B.H.P. hour would figure out ‘ 
k meat : 2 .50 
For illuminating-gas engines, Roe ag CEMUS ates 2.) Seems CD) 
4¥n 
; ; E 220 
For suction-gas engines, Ky=— == cents. . . « » « . (5a) 
Nn 


Example. 2. The 50 H.P. plant mentioned in the first example requires a daily attendance 
equal to W=1.25\/50~9 hours, which, with the above assumption, makes the cost of labor per 


2.5 
B.H.P. hour equal to Ky =——=.35 cent. 
~  A/50 


As soon as W exceeds ten or twelve hours, the total time should be distributed 
between two or more men. Taking a 100 H.P. suction-gas plant, for instance, for 
which W=1.25\/100=12.5 hours, one man could probably do the work; a 500 H.P. 
plant, on the other hand, should have three men, since W=1.25V500=28. In large 
installations, consisting, say, of mn engine units with their producers, the required time 
of attendance may be approximately found from 


W =1.25V nNn hours 
or preferably per operating day of the entire installation. 


W =1.25nVnNn hours 
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If, in cases where W is considerably less than 10-12 hours, the remaining time of 
the attendant cannot be used in other work, his entire wages must of course be 
charged against the plant. 

3. Cost of Lubrication and of Cleaning Material. This item can only be estimated 
on the basis of previous experience. As in every other power plant, the cost of oil 
and of waste is considerably reduced when the oil is recovered and filtered and the 
waste is washed for continued use. In this way the expenditure for these two materials 
may be brought very close to the figures obtaining in steam’ plants of the same size. 
In medium-sized engines the consumption of lubricating oil is approximately from 
.005 to .008 pint per B.H.P. hour; in favorable cases, however, it may be only .004 
pint and less. 

4, Interest (8 to 4.5%) and Depreciation (7 to 10%), Computed on the First Cost 
(Am) of the Engine together with cost of auxiliaries, and including freight charges, cost of 
foundation and cost of erection, but excluding the cost of the building. The cost of the 
ground occupied is usually left out of consideration on the assumption that its value 
increases with time. It should, however, be remarked that under certain circumstances 
the cost of acquiring the ground may constitute a large part of the cost of the instal- 
lation. Consequently the size of building space required by a given engine installation 
is of some importance as far as operating costs are concerned, although in comparative 
estimates usually only the costs of buildings and foundations appear. The latter of 
course increase with the floor space covered.! 

5. Interest (8 to 44%) and Depreciation (2 to 3%), Computed on the First Cost (A,) 
of the Building. Where the building or the room is not owned, the rent is substituted for this 
item. If in the same building other machines besides the engine installation are also in 
operaticn, in. computing the operating costs the engine plant is charged up with a 
proportionate part of the sum Ay. 

Placing the interest charge at c%, and the depreciation at a%, and assuming that 
the average power developed by the installation is Ne, the amount chargeable against 
the plant per horse-power per year on this basis will be 


A 
a j RST ee ea) se ade bac) cet ae am (GD 
K To0N e+ dollars, (6) 


1 The following figures give a case in point: 

(a) Horizontal suction-gas engine, 100 H.P., with producer, wet and dry purifiers, etc., two rooms 
covering together 1400 sq.ft. 

(b) Vertical suction-gas engine, 100 H.P., with producer, wet and dry purifiers, tar extractor, etc., 
two rooms covering together 970 sq.ft. 

Difference in the floor space is 430 sq.ft. (approx. 30%) which decreased the cost of the space 
approximately $3750. The building for installation (a) costs approximately 1400 $1.40=$1960; for 
installation (b) approximately 970$1.40=$1360. Difference in the cost of buildings, excluding 
foundation, is $600. The vertical engine installation is therefore in all about $4350 cheaper than the 
horizontal, all other things being the same. 

The cost of all the machinery, erected and ready for operation, is in both cases $8000. Hence, 
according to the above figures, fully one half of this price may be paid out of the saving in cost of 
ground and buildings resulting from the adoption of plan (b). The cost of floor space was $8.70 per 
sq.ft., which is not unusually high. In large cities this often reaches $10 and $12 per sq.ft., and 
although commercial plants are not often installed in the select quarters warranting this price, it 
not infrequently happens that in the proposed erection of plants supplying city blocks such prices 
are encountered. 

[TRANsLATOR’s Note. The above figures apply of course primarily to German conditions.] 
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where A represents first cost, which may be either A,,=first cost of engine and auxiliaries, 
as above noted, or Ag=first cost of building. 
If Z is the number of hours the plant is in operation per year, then 








ver vAm,. (e+) 
EG i00N, Z dollarsspersbc EL. Patour on ks As a AO) 
and 
x Ag (e+a) = 
Ky= ON 1a dollars per B.H.P. hour. Sil sn dee oT ce eC) 


Assuming as usual that 


c=4% and a=8% for Am 


and 


c=4% and a=2% for A, 


and taking Z=3000 hours per annum, eqs. (7) and (7a) reduce to 





i Am 
n= =a) S oy) Gi End tae Fi 5 a 6 F * - ° . 8 
K BON. cents per B.H.P. hour (S) 
and 
Ko= soon, Cobespem Lee snOURS ae sith wore) x (8@) 


From these equations it appears that the greater the product of N. and Z, the 
lower the cost per H.P. hour, which shows that both high load factors and long 
operating hours are desirable. The same thing applies with even greater force to the 
fuel costs, since these (see under 1) increase much more rapidly with a decrease in N, 
than either Km or Ky. As between the individual effects cf the factcrs N. and Z, it 
would seem better to operate a plant for a short time at high load factor than for 
longer hours under a lower load. It is also better to shut down a plant for a day at a 
time than for an hour now and then, on account of smaller stand-by losses. 

Finally, an inspection of eqs. (7) and (7a) will also show that the bad effect of 
‘short operating hours upon Km and Ky can in a measure be counteracted by small 
outlay in first cost (Amor A,). In other words, all other conditions being the same, 
the less a given plant is used the lower should be its first cost. It is possible of 
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course to reach the same end by proportionately decreasing the charge (a) for depre- 
ciation, but that can only be considered when the interruptions in the operation occur 
at regular intervals, when the sum total of the stand-by periods constitutes a large 
part of the year, and when during this time the plant is maintained in its best 
condition. 

6. Maintenance and Repair of Engines and Auxiliaries (2 to 3% of the first 
cost Am). The quality of the construction and especially the degree of »“‘hardiness”’ 
against the normal occurrences of ordinary operation play an important part in the 
determination of this item, a fact which should not be lost sight of, especially when 
judging suction-gas plants. In the latter case, poor scrubbing arrangements, causing a 
rapid scoring of the cylinder, bad vaporizer construction, or rapid wear on producer 
lining and grate, may, under certain circumstances, cause a repair bill which exceeds even 
10 or 15% of the first cost. Under normal conditions, however, a charge of 2 or 3% 
is quite sufficient. Extraordinary occurrences, like accidents due to careless attendance, 
ete., are of course not considered in the figure. 

7. Maintenance and Repair on Buildings (1 to 14% of the first cost Ag). 
Strictly speaking, another item that should be taken into account is insurance. But 
the latter charge is very nominal when reduced to the horse-power basis, and is conse- 
quently usually neglected. 

In making estimates of operating costs, items 2 to 7 are very often considered as 
merely incidental expenses, making the cost of fuel the only criterion of economy. 
This method, however, applies only in cases where the cost of fuel is very high 
(illuminating gas, and, in part, also crude oil distillates); where the fuel is cheaper 
or is utilized at very high efficiency it will nearly always be found that the “ inci- 
dental”? expenses constitute the greater part of the total operating costs. Fuel costs 
alone therefore never give a certain indication regarding the economic status of a 
given plant. Plants high in first cost, or those in which the repair and maintenance 
account is high, or those which require constant close attention, occupy much floor 
space or call for expensive foundations, all of these may under certain conditions 
operate with small economy, although the efficiency at which the fuel is burned may 
be of the highest. 

Table 40, and the diagram, Vig. 470, derived from it, gives a convenient survey 
of all of the items concerned in the computation cf operating costs. The figures are 
based upon unit horse-power, because it is easier to compare various sizes and types 
of engines better on this basis than if the yearly cost had been made the unit. The 
table has been constructed by the use of the equations given above, the assumptions 
for Am and Ag, as well as for fuel costs and incidental expenses, being based upon the - 
best obtainable average figures for modern horizontal installations. In order to simplify 
matters, the average capacity N, developed by the plant is put equal to the normal 
rating N,, and the time of operation has been assumed at 3000 hours per year. 
Where these assumptions do not apply, it 1s easy to use correction factors. 





1TransuATor’s Notr. The table has been transposed without much alteration from the German 
edition. The data may not therefore apply in all cases to American conditions, and this is especially 
true of the first costs assumed and the wage accounts. The latter have been corrected by assuming 
an average wage scale of 20 cents per hour, but the items referring to cost of oil, waste, costs of 
fuel, etc., have not been changed since the entire set of figures is hypothetical and is subject to large 
variations. 
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A close study of the diagram, Fig. 470, brings out many things that are not so 
apparent from a survey of the table. Among these may be mentioned the following: 

(a) Rapid increase of both first cost and operating costs with decrease in rated 
horse-power. (Unfavorable to the operation of small plants.) 

(b) The small ratio of incidental expenses (curves h and k) to total operating 
costs (curve m) in the case of the illuminating-gas plants (points to the latter as - 
well suited for small capacity and intermittent operation). 

(c) The great preponderance of the incidental expenses (curve 1) over the fuel cost 
(curve g) in the case of the suction-gas plant. 

(d) The rapid increase of the first cost of gas producers (curve b as compared with 
the total first cost of the entire installation (curve e), for capacities less than 30 B.H.P. 

(e) The approach of the curves m and n, showing total operating costs for illuminating- 
gas and suction-gas plants respectively, at the left-hand side of the diagram. 

(f) The considerable proportion that the cost of buildings and foundations bears to 
the total first cost of horizontal machines (distance between curves c and e, or a and d). 

In most comparisons of operating costs, hydraulic power is generally, without 
much consideration, assumed to be the cheapest. As a matter of fact, however, this 
assumption is justified only in cases where this power can be made available with 
simple means and at no great expense, and where the supply of water is uniform 
enough to admit of the elimination of costly reserve machinery. Where these conditions 
do not obtain, it may be found that the first cost of the installation, and the operating 
costs resulting therefrom are considerably higher than the same items for gas or steam 
plants. As an example of this fact, the following figures were taken from a report on 
a 1000-H.P. turbine installation: } 

Quantity of water available, 141 cu.ft. per sec., under a head of 8.20 ft. 


3 turbines: (cach 50Ub.P Gost: 27st Gewese eee $18 750 
3:relay steam engines. and boilers, cost) <ics2 aaa: 2s eae 60000 
Total cost, including generators, buildings, etc................... 275000 
Rirst costepereb 41.2 ..-at curbine eliatis .Sycce ceeaeee so. a ieee 140.00 
iret’ cost per BBP. at switchboard): sete emaaptes 2 oun sce 212.50 
Operating cost per B.H.P. hour, based on general output......... 1.35 cents 


The question of the relative superiority of steam and gas as motive power has led 
to a ‘‘ war of words” between the manufacturers, which has been merely intensified by 
the introduction of the suction-gas plant. With regard to this controversy, the author 
desires to simply note the following: 

In conjunction with good gas producers, and assuming average fuel prices, the gas 
engine is with certainty able to compete with steam plants up to 4 or 500 H.P. 
With cheap gas (less than 70 cents per 1000 cu.ft.) the illuminating-gas engine is 
economically superior to the steam engine up to 50 H.P. Stationary oil engines usually 
enter the field when illuminating gas cannot be had. An exception to this is the 
Diesel engine (and possibly also the Haselwander engine) which, if cheap oils (less than 
10 cents per gallon) are available, remains a serious competitor to steam also for the 
larger sizes and which, where the operating hours are short or where there are frequent 
interruptions, may even be preferable to a suction-gas installation. 

In general, gas is economically superior to steam whenever the power demand is 
fluctuating or intermittent and where rapid and easy erection as well as clean 





1 Siiddeutsche Bauzeitung, 1905, p. 74. 
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operation without molestation of any kind are a consideration. Of course where steam 
power cannot be used on account of government restrictions or other reasons, or where 
on this account its use is rendered difficult, gas power is a very welcome substitute. 

In some of the special types of construction, as direct-connected units for instance, 
the ability of the internal-combustion engine to compete with the steam engine is even 
more pronounced than in the case of simple mill engines, but local conditions have 
a great influence in this respect. The following figures, however, can be obtained with 
certainty, provided the installation is in good shape and the conditions are normal. 

In direct-connected generator units: 


30 to 26.5 cu.ft. of illuminating gas per K.W. hour; 
2.6 to 1.9 lbs. of anthracite per K.W. hour; 
3.3 to 2.6 lbs. of coke per K.W. hour; 


or 1 cu.ft. of illuminating gas will generate from 33.5 to 38.0 watt hours; 
1 lb. of anthracite will generate from 380 to 530 watt hours; 
and 1 lb. of coke will generate from 300 to 390 watt hours. E 


In pumping engines: 


1 cu.ft. of illuminating gas will show a duty of from 72-83000 ft.-lbs. 
1 lb. of coke will show a duty of from 1000000-1 250000 ft.-lbs. a water lifted. 
1 gal. gasoline will show a duty of from 7775000-8 000000 ft.-lbs. 


These values are obtained when the load factor is high, that is, when the plant 
is operated near normal rating, and refer to standard conditions of fuel. Losses 
through starting, stand-by losses, and belt losses have been taken into account. In 
making guarantees the very strong influence that the load factor has upon plant 
economy must not be left out of consideration. No matter how carefully the plant 
may otherwise be constructed and operated, leaving out of the computation the actual 
average load on the installation may result in complete failure in meeting the guar- 
antees made. If therefore the fuel consumption only is the deciding factor in the 
acceptance, the guarantee should be based upon the consumption at or near normal rating. 

In acceptance trials or other tests it frequently happens that differences of 
opinion crop up as to the allowances that should be made for unavoidable fuel 
losses (fuel used until all conditions become constant, fuel not burned at end of 
trial, efficiency of transmission of power consumers, etc.). For that reason it is 
well to have all the conditions thoroughly understood at the time of purchase, or 
at the very latest just before the beginning of the trial. As far as the engine builder 
is concerned, the thing of most importance to him is probably the accurate determi- 
nation of the efficiency of the power consumers to be operated (generators, pumps, 
blowing cylinders, etc.), especially since the manufacturers of these machines are very 
prone to give out these efficiencies more or less too high. The power loss in belting 
also is in many acceptance trials a factor of importance. For lack of a better way, 
this loss is generally estimated, and it is consequently found that in plants of approxi- 
mately equal capacity the allowances vary between 2 and 10% of the engine capacity. 
In reality this loss is probably on the average 4 or 5%; in one definite case, however, 
tests made in the laboratory of a German technical school on a 20 H.P. engine showed 
this loss to be 10% of the total power transmitted. In view of such uncertainties, 
to say nothing of the unavoidable errors of observation, the leeway of 5% which is 
commonly allowed on all guarantee figures is certainly justified. 
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II. Types of German Engines 


1. Gasmotoren-Fabrik Deutz in Coéln-Deutz. (See also Plates VIII to XI.) 
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Fias. 471-473.—Gas Engine, Model D2 Rated H.P.= 
4 at 200 rp.m. Net weight including Fly-wheel 
2640 lbs. 


Combined mixing and inlet valve a is automatic, 
exhaust valve 6 and ignition cock c are operated by 
eam d and rods b’ and c’ respectively. The latter by 
means of the rod e also actuates the pendulum govern- 
or attached to the oscillating slide f. The horizontal 
pick blade of the governor operates the gas valve g. 
A wrought-iron hot tube, heated by the Bunsen 
burner h’ is placed in the chimney h. Air is admitted 
to the inlet valve through the inlet muffler and the 
base of the engine. Bottom of cylinder is water- 












































cooled. 
TABLE 41 
DIMENSIONS AND WEIGHTS OF MODEL D 2 ENGINES 
| | 
Ta fe ates Sil GUS) tee SS! Senco en een bean 4 1 2 | 3 4 
Rib Meee mie eae occ |} 240 230 210 210 ~=—~—-200 
Lengths 2 ween ee ft. | 2.44 3.20 3.50 3.80 4.27 
Vidi Peet seen oesn ef 2.01 2188 Debate o's 2. 84 Sia 
Pisight tees; Sete CO Gees 20 3.50: 3.60 3.66 3.66 
Ne tow eloltiyrenk tina rarrien cy Ibs | 750 1080 1500 1930 2640 
Potaluweighter: -Ac ot se cian « | 965 1430 USSO mR pri 22880 3120 














* Across the shaft, therefore equal to fly-wheel diameter. 


+ Along the shaft. 
t To center of shaft. Total height is greater by one-half wheel diameter. 
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TABLE 42 
DIMENSIONS AND WEIGHTS OF MODEL H 3 ENGINES 














N, MAgENEED tre ees Gee 6 8 10 12 16 

BR Ped ae as ed ae ee 300 300 300 300 300 
Mengthgine yah icmincite race oriets ft. 4.27 4.35 4.76 4.76 5.09 
Wades, oe plore eee “ 4.30 4.87 5.42 5.42 5.88 
Hieieht: fo See ge eres “ 5.75 6.20 6.24 6.24 6.86 
NetoweightFeitana sisi bencieieusceame lbs. 2530 3400 4050 4290 4840 
Shipping weight............... “ 3080 4380 4840 5170 5720 














* These and all the weights given in what follows refer to mill engines. 
For electric-lighting service (0=7) the engines are heavier by from 15-20%. 


oa 






































Fias. 480 and 481.—Gas Engine (Old Type G6 III) for Capacities from 35-150 B.H.P. 


Both inlet valve a and exhaust valve b are placed on the under side of the 
cylinder head; c is the gas valve, d the starting valve. All valves are operated by 
cams, the valve levers are marked a’, b’, and c’ respectively. The make-and-break 
ignition is placed in the axis of the cylinder. Speed is regulated by hit-and-miss or 
quality governing. For capacities from 50 to 150 H.P., the firm has lately introduced 
a new model G9 which, as far as frame and cylinder are concerned, is the same as 
G6 III, but has the arrangement shown in Plates IX and X regarding valves, valve 
gear, and governing. The dimensions given in the following table will serve approxi- 
mately for both types: 
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TABLE 43 
DIMENSIONS AND WEIGHTS OF MODEL G 6 III ENGINES 






































JMOOTER 8 SB GO OMnL chat ee on 35 40 50 60 70 80. | 100 | 125 | 150 
SSS ee ace eee 190 | 190 | 190 | 190 | 180 | 180 | 170 | 160 | 140 
PA PSO) 3.70!) 4714.) (494) a 72) le 43 5196 zat 

Bo 78 | | 82:0 06 Loar amie eae Ualeer St hia 7 eat-80 

Phere ee 1280 |) F.80 ) 0,66 | se 1 eae 64 | 80. B07.) 2.38 
C62). 2:62 |) 2.79 |) Soule 052 95a a 1s 28 cue! 

Dil.22 | 7.55 |" 7.88) 68.2009. 18 |. 9.18), 9.52 10.80: 11150 

E | 10.35 | 10 35 | 11.30 | 11.30 | 11.85 | 11.85 | 14.00 | 14.95 | 16.15 

Netumeiebene yy cence) Ibs. | 15400 | 19800 | 21200 | 24200 |28 600 | 30800 | 35200 | ..... | ..... 























Up to 80 B.H.P. inclusive, with or without outboard bearing; in the latter case there are two fly-wheels. 
* For mill and electric lighting purposes. 
t For mill purposes. 


Since the beginning of 1904 the Deutz Co. use the double-acting 4-cycle engine 
for all powers above 150 B.H.P. The main features of the design of this machine 
are shown in Plates IX and X. Greater capacities are obtained by the combination 
of cylinders side by side or tandem, or both, resulting in twin or tandem, or twin- 
tandem engines. In this way capacities up to 6000 B.H.P. may be reached. 
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Figs. 482 and 483.—Erecting Plan for a Deutz Gasoline Engine, Model E. 
The room for gasoline storage is separated from the engine room by a solid wall (following the insurance 
regulations required by the Union of German Fire Insurance Societies). The gasoline tank should never be 
located higher than the carbureter to prevent syphoning. 


Operating Results. (a) Illwminating Gas Engine, horizontal cylinder; 50 B.H.P.; 
D=15", S=22.85’; ratio of compression ¢=5.92; ignition by hot tube; speed regu- 
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lation by changing quality of mixture. Tests made by Prof. E. Meyer,! August, 
1908, showed the following results: 


TABLE 44 
LHP. Mean N. Gas Consumption Heat 
Effective nS renee m= per aoe in Nee 
Test |R.p.M.| BLP. Fressuve: | Ni— | Resistance, | Ne* Water | haust 
: Total, | Net,* 4 Ne Pr N; | B.HP.- | LH.P.- [per Cu.ft.| “°™P: 
i N; Di hour. hour. of Gas, 
n Ne Ibs. per sq.in.} H.P. |lbs. per sq.in. % cu.ft. cu.ft. B.T.U. | Deg. F. 








198.8| 64.2 | 77.0 | 72.4 70.5 8.2 8.10 89 15.65 | 13.90 | 210.15} 929 
204.6} 53.7 | 67.2 | 62.5 59.2 8.8 7.95 86 17.75 | 15.40 | 199.00} 850 
206.3] 42.0 | 56.5 | 51.8 48.7 9.8 9.25 81 20.45 | 16.60 | 194.50} 738 

9.2 

1.3 

2.3 














207.9) 30.3 | 44.5 | 39.5 36.8 8.67 76 28.90 | 21.10 | 186.50} 616 
206.0) -lividaleoosee aon Zed 10.70 61 44.10 | 26.90 | 170.00) 435 
200 .6 0 ViROulelerns 11.9 12.00 OD AL Orper|esor QO eencr 287 
hour 








OnrWNH 








* See footnote p. 342. 


The gas consumption is referred to 32° F., 760 
mm. barometer, and a heating value of 560 B.T.U. ' 
per cu.ft. 1 \ Scale of Spring 225 Ibs 

The compression pressure was 131 lbs. and the | % 
explosion pressure at maximum load from 312 to 
355 lbs. per sq.in. Diagrams obtained at maximum 
load are shown in Fig. 484. The rounded tip of 
the combustion line indicated strong after-burning up 
to 1/15 of the expansion stroke. 

(b) In 1895, O. Kérner obtained the following 
values with two of the smaller horizontal machines: 





NormiallaRiaibin pee ile sary syeccuers crore seleie evel sachs tists Geec ef tA RAT Coleen Maton 8 25 
) Ol SY ee 2 Senta AT eRe i Coe Oram Gorn. AOL sso Caco DLO C 222 201.2 

1210 SEN aot caer te eee eR ena See OTA DOS SRO GSN OO ooo 9.86 29.70 
Heating Value of Gas, \B.T.U. per curett) 5. usr. ca eyeliner 566 560 
Gas Consumption, cu.ft. per B-H.P.- hour. .. | at 32° and 760 mm. f 18.50 17.20 
Gas Consumption, at no load, cu.-ft. per hour. } including ignit.flame | 36.50 91.50 


(c) Pressure Producer Gas Engine, 160 B.H.P., 2 cylinder opposed, each of 
dia. 20.5”, stroke 30’, ratio of compression ¢=4.85. Electric ignition, hit-and-miss 
regulation. Each cylinder has two exhaust valves, the discs of which are cooled 
by spraying from below with water. Tests were conducted by E. Meyer in Apmil, 
1896, on an engine in a water works.” 

The compression pressure was 115.5 lbs., the explosion pressure, on account of 
slow combustion, was but little higher than this. Heating value of the coke 12,995 
B.T.U. per lb., of the producer gas was on the average 135 B.T.U. per cu.ft., referred 
to 32° F. and 760 mm. barometer. 


17. d. V. D.I., 1900, p. 303. 
27. d. V. D. L., 1896, p. 1241. 


Mean 
Effective 
Pressure, 


Pi 


R.p.m. 








141.4 48 .00 


137.75) 51.20 





Ibs. per sq.in. 
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TaBLE 45 
Coke Consumption on Basis of 
oa SEE 
H.P. in| B.H.P Worse aoe 
LHP. | Wat CG = N; r ater per 
ee : vee eee hie: eeu 
hour auter 
ot Sa, Boiler. nes. Boiler. Pte Boiler. pe 
N, Nw Ne lbs. Ibs. lbs. Ibs. lbs. lbs. cu.ft. lbs. 
16920) 1252514220) 1-27 PLSD leads, .193 iol 5152 .61 .614 
Se) 
1.402 1.978 1.662 
176.0} 130.0) 149.6} 1.28 1.42 1a30 .193 1.49 H152 81 .642 
Ne ee ey eee ee es 
1.422 1.928 1.642 








One of the older types of pressure producer gas engines of 100 H.P., tested in 


1897 by O. Kohler, gave the following figures: 


Fuel used in the producer, German anthracite, heating value 14400 B.T.U. per lb. 
Fuel used in the boiler, gas coke. 


Mean heating value of gas at 32° F. and 760 mm. bar, 
160.93, B.H:P. 114.1. 
Fuel consumption og B.H.P., per hour in producer.. 


Mean R.P.M., 


“e 


is 


ce 


ce 


a3 


“cc 


(a4 


(a4 


ce 


in boiler 


cc 


AN Cherise 


. 126 
1.092 


(d) Results of Tests on several Deutz Suction Gas. Installations. 
Kapeller, Director of the Industrial School, Nurnberg, 1902. 


Engine rating, 20 B.H.P. 
B.H.P. on test, 23.10. 


Consumption of anthracite per B.H.P.-hour, .995 lbs. 
from Langenbrahm mine, 


Coal, 


had 


a heating 


lb., and contained 2.71% of ash. 


146 B.T.U. per cu.ft. 


.966 lbs. 


a3 


(7 


Test by F. 


value of 14940 B.T.U. per 


At about the same time tests made by A. Stauss in the mechanical laboratory 
of the technical school at Stuttgart gave the following results:! 


Normal rating, 70 H.vP. 


Cylinder diameter, 16.10” 


Stroke, 23.6”. 


R.p.m., approx., 182. 
Mean piston speed, 11.95 ft. per sec. 
Compression press., 9 at. =128 lbs. per sq.in. 


Langenbrahm anthracite, size 3-3". 


Heating value of anthracite, 13 925 B.T.U. per lb. 


Composition of coal: 


C=84 .60%, 
O+N= 3.49%, 
Ash= 5.82%, 


1 See Journal fiir Gasbeleuchtung, 1902, Heft 29, and following. 


H=3 
S= 


49%, 
92% 


Water=1.20% 
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‘Time .of readin gaan: 02) sce osc se or Sera ee Re 11:30-2:44 _ 2:44-6:48 
Mean‘ elfective:pressure™.. occur. oclaa ci ween ee oe ete 68 .0 66.6 
Di 5 OS eee ee See a eee an Sree Cea aa weet Sto. 5 arautay & (esgP a5) 71.60 
Bau ER Beis ay re oe Be Oe ee a oe ore ann eC ee 64.10 63 .90 
Mechamicalvethicieneyen7pr-s oe iter ae ane dere cee 88 .65 89.35 
Consumption of anthracite per I.H.P. hour, lbs. net......... .897 187 
Consumption of anthracite per B.H.P. hour, lbs. net......... 1.010 .892 
Consumption of water (steam) per I.H.P. hour, lbs. ......... 0.492 .494 
Consumption of water (steam) per B.H.P. hour, Ibs.......... .556 .550 
Water per lbrotanthraciteslbsie wane cn ese eee 1.205 1.372 
Water pen ive Pe ahoursl bscre essere eet 16.25 16.48 
Water’ peryB. HP whours lbs) perce ea er eee reer 18.35 18.55 
Cooling water per ILE hours. eerste en eee 43.10 32.90 
Cooling water per!B HAPs hour lbsas aries cane cate eae 48.70 36.70 
Total water consumption per I.H.P. hour, lbs............... 59.35 49 .38 
Total water consumption per B.H.P. hour, lbs.............. 67.05 55.25 
Outlet temperature of scrubber water, °F. ................ 117.8 109.2 
Outlet temperature of cooling water, ° F..............:.... 136.4 154.4 
Bfliciencey of producer, 2-26 eum oe Be ay el panes Sea We 86 .36 86 .82 
Economic efficiency of entire plant, %..................... 17.99 20.61 
Heat lostanusertiloberie 7/4 ictae ster ecr tet ete ete aie nee ee 8.84 8.93 
Heat lost.im cooling waters 90-85. ens ee ee 29.79 31.14 
Heat: lost imy xh aust, vO saeectcetee st) ae eee eee eee ete ae 36.28 32.61 
Composition of producer gas, volume %: 
COR ee TS Eh ER re 22.0 23.3 
Hee CR AS ORG 2 >) Sane dee, Soe 17.0 17.4 
CAL De Re irate recone ey San ene 1.8 2.0 
Can koe oe, oe Ree: ol eee 0 0 
(OO Aaah sept oem ree Ray RN enn eked AG han Wee 5.8 5.5 
0 em etic ort, Cnr ao coietet dyn teen ron peR hie Sour diet, agin Bh 5 
IN Se eee ORS roe gerne Rd Gacteth Soa Choke atte Renee eee 52.7 51.3 


Composition of the exhaust gases: 
CO,=5.6%, O,=13.6%, N=80.5%, combustible (taken as CO)=.3%. Pressure in gas 
mains: 3-5’’ water below atmosphere. 


The explesicn pressures varied between 200 
and 230 lbs per sq.in. In all of the tests the 
ecmbustion was so slow that the diagrams, see 

10 Fig. 485, closely resembled those of a constant 
pressure engine (Diesel for example). 
Tests made by R. Mathot, March, 1904, 
on a 60 H.P. engine having 16.5’ cylinder 
Fig. 485. diameter and 18.9” stroke, gave the following 
main results: 


20 ar 


A Ways eas eo coro rite Oneurs RPG cael ROR CES ag VST Bx Full. Half. No Load. 
Purationrol: cesps.c NOUNS clare eewtences eke acne secet ool meet 475 4.5 — 
Revolutions. per mmm bes) ata 7 cease ee ta ein te ee 188 .66 195.5 199.0 
Mean effective pressure, pounds per square inch....... 73.0 44.3 ees 

A ES hl Sc eer oa Sree EMRE DEO ee ate Rese raie @ LEE, nium G 75.9 44.35 10.83 
BEAR re ron oe is hy Oa CREEL TOE Roe ieee 64.20 33.35 — 
Mechaniealeetnciencysn 7p: tne ae rier ener etre cree 84.6 75.0 ats 
Compression pressure, pounds per square inch ......... 170.0 121.0 92.3 
Explosion pressure, pounds per square inch........... 383 .0 249.0 213.0 
Pressure in exhaust, pounds per square inch........... 24.1 19.8 0 
Maximum suction pressure, pounds per square inch.... —4.26 —6.52 —8.52 
Relative increase of speed (full load=1.0)............ 1.0 1.035 1.052 
Consumption of anthracite per I.H.P. hour, lbs. net .... .68 .876 sx 
Consumption of anthracite per B.H.P. hour, lbs. net... . .798 1.170 —_ 
Economic efficiency of entire plant, %................ 24.3 16.0 = 


The coal used came from the Mossbach mine near Aix-la-Chapelle, size 3-3, 
ash 7.33%, water 2.69%, heating value 13638 B.T.U. per lb. The gas had a 


STATIONARY ENGINES 331 


heating value of 140 B.T.U. per cu.ft. At full load, the outlet temperature of the 
Jacket water from the cylinder head was 109.4°, from the cylinder barrel was 127.4°, 
while the temperature of the vaporizer was 183.2°. 

The following figures are taken from the results of a two-day test made by 
Prof. Witz and Mr. Mathot in 1894 on a 200 H.P. double acting 4-cycle engine 
(D=21.2", S=27.5’", piston rods 4.72 and 4.33’’). 


First Day. Second Day. 

Durabiont ots esiMOUns rete cts. 2420. hicks fucka cod A vatnne Oete ae 3 10 
AST OEGS EVO MIS WINS os WANE, Cue were anleh > Ga ee eee bas aaynn eee ee: 151.29 150.20 
BAL eeeaare tec tmer eee gee nee Nach cy dit ain La a ee ee 211-8 220.00 
Consumption of anthracite per B.H.P. hour, lbs..................... 1937 .726 
ihcomomuicrethiciency,<entiresplamts, 90.40. ome iste ee ey ae ae. 19.0 24.4 
Total water consumption per B.H.P. hour, lbs...................... = 77.8 
Of this amount there were used in cylinder jackets.................. — 45.8 

ITWPIStOnL ANC Ose etree sect kee = 17.25 

in producer vaporizer.) ...5. 0... — 65 

INV SERUDDCr Daa nme ee eee ree he — 14.10 
Water vapor per pound of anthracite, lbs... 22. ... 4.540 eee eee = 192 


The temperature of the cooling water was 117.8° leaving the piston and 134.9° 
leaving the cylinder jackets. The gas had a temperature cf 557.6° leaving the pro- 
ducer and 62.6° after passing the scrubber. The kind of anthracite used (Bonne 
Esperance et Batterie, Herstal) had a heating value of 14580 B.T.U. per lb. When 
banked over night the producer burned 47 lbs. of coal, which is approximately 10% 
of the daily consumption. 

(e) The following table shows average results obtained cn capacity tests made 
by the firm on their new brown-coal installation. The plant was one of the first 
ones constructed and developed 60 H.P. 
































TABLE 46 
Rhenish Brown Coal. 
Styrian 
Mest Test Test Brown Coal, 
II Ill 
maser Sets be ed: 23.86 %| - 30.999%| 29.78% 44 22% 
| i. PT ese tinaks” ere. 1.82 2.10 2.03 3.58 
ee : Oe Ne eae ae cies : 22h 11.44 TAN 9O(S VAG 74 2 
Composition of coal as mined ai et Pal eee ok aes 99 95 085 29 
PRB, Sale ete ee asset oy ats 4.64 2.67 2.18 5.86 
WAILERS cient «yo 60.18 52.55 53.95 20-19 
LODEOOT S|) 10009: - 109.09 100.00 
Combushiblesime coaleey fut a) gets oo Actas 35.18 44.78 | 43.87 66.35 
Heating value of coal, B.T.U. per pound............. 32385: | 432) | 4257 6840 
CO ere eae 8-9% | 8% | 7-8% 3.85% 
Average comyosition of gas Go Mit abt poms MENS Ricrel its 23—25 25 27 28 .70 
ile GA qeceeg ae RP o 12-13 15 15 13.65 
Combustible cass ate. eer eee cos tie eens 35-38 40 40 42.35 
Average heating value of gas, B.T.U. per cubic foot... . 123 140 140 146 
Gas obtained per pound of coal, cu.ft................. 18.1 25 24.5 35.3 
Gas consumed per B.H.P. hour, cu-ft................ 93-96 .5 86.2 82.1 about 78.5 
‘Coaliconsumedsper Ba Pe hourelbss a0. . jos. cee ee 5.18 3.35 3.35 ee PASO 




















* Exclusive of sulphur in ash. 
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It is stated that these brown-coal producers are capable of gasifying very inferior 
coals containing as high as 60% of water, and that they may be banked for periods 
even exceeding 14 days. The starting up after such periods, it is claimed, does 
not take over 15 minutes. 

Tests were also made with air-dried peat (16.57% water); the peat consumption 
per B.H.P. hour is given as 2.84 lbs. 

One of the new double-generator plants for brown coal (see Fig. 432, p. 283) 
was tested by Prof. E. Meyer in June, 1903, with the following results: 


Test No. I 106 Til 
Durations teshehoursint eee seen ee ie 94 12 10 
Revolutions#per minute ee. «ac ac cae ee ere 181.8 181.6 182.7 
Brake HPs Nie tian once od se eicr ates ee eee Sore os 69.50 69 .45 no load 
Positive ind. mean pressure, p,+\lbs. per sq.in..... 67.1 67.5 27 .80 
Negative ind. mean pressure, p;—lbs. per Sq.in.. ... iynilG} 5.03 6.74 
Net ind. mean pressure, p;=p;+— p;— lbs. per sq.in.. 61.97 62.47 21.06 
Lig 2 Grom = Nr ee oe ee 79.50 80.00 27 .00 
Friction horse-power, N;—N¢e........-.-.eseeee- 10.00 10.55 — 
Mechanicalketiicieneys 762 ce orate eer 87.5 86.9 — 
Gas consumption per B.H.P. hour, cu-ft........... 78.4 78.6 — 
Gas consumption per I.H.P. hour, cu-ft........... 68 .6 68.3 107.5 
Heat value of gas (32° and 760mm.) B.T.U. per cu.ft 112.0 113.0 101.0 
Heat used in gas, per B.H.P. hour, B.T.U......... 8770 8 850 —_ 
Heat used in gas, per I.H.P. hour, B.T.U.......... 7 650 7 680 10850 
Consumption of brown coal per B.H.P. hour, lbs. . . 1.865 1.61 — 
Consumption of brown coal per I.H.P. hour, lbs ... 1.63 1.40 
Heat used in coal per B.H.P. hour, B.T.U......... 14 250 12 320 — 
Heat used in coal per I.H.P. hour, B.T.U......... 12 570 10 680 — 
Volume of gas per lb. of coal, cu.ft... ............ 42.1 48.5 43.2 
Hiliciency, Ol producers pacer neee ee nee oer 61.3 71.6 56.6 
Total economic efficiency of installation, %....... 17.75 20.5 = 


The brown coal used, Agnesschacht mine, had an average heating value of 7670) 
B.T.U./Ib. The composition of the gas made is shown in the following table: 











Test No. Ti II. III. 
OG eek O58! Oy din KO) Uretes oo ar decicstinn camaachosote ee So ier A ORO GO 17.76 14.71 14.31 
OY Fe ae he petty ce eae ead tata ene ee Aa eae: 24 AL fe 2 
H, et i ci Ce cic MOREE RRP men co Go 17.76 veo, 14.08 
CH, Obey ad rees A At et ame teh a ER ta eon el tra araceneone 2.03 1.36 fe ell 
CO PMT a at tee tie eich Mc eC ee ee 9°99 12.14 9.33 
N ON Ree a ea ery ees eee ett CMe ee 54.90 54.35 59.45 

100.00 100 .00 100.00 
Heating value by calculation, B.T.U. per cu.ft. ...... 112.0 113.0 LOST 


The recent catalogues of the Deutz Co. contain the following additional tests on 
brown coal suction-gas plants: 


BY Wn sYo Bel Sy i bl DA avearin ok. SA ND Sein One e Sy A aein spo tye coe eo crea Rent 60 160 
Revolutionsiperamute sme citer -<taako ocak cleat or eeesa ste 144.1 180 .67 — = 
IBGET Pe vieape yee tec hae ae apes pean hate eck eee cece ps 65.4 98.5 167.7 101.1 
Coakiconsumption per BUH;P. hour, lbs). -sc.. seem. sae eo 1.218 1.115 2h: 1.338. 
Heating value of brown coal briquettes, B.T.U. per lb....... 9200 9180 


(f) Petroleum and Gasoline Engine, 6 B.H.P., D=6.7", S=10.2’’, horizontal type. 
Compression pressure appr. 57 lbs. Hit-and-miss speed regulation, and electric igni- 
tion. Tests made by Prof. E. Meyer, 1899, alternately with gasoline and kerosene, 
showed results as per table following:! 


17. d. V. D. L., 1900, p. 330. 
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TABLE 47 

Fuel. Gasoline. Kerosene. 

Load. Full. Half. No Load. Full. Half. No Load. 
Revolutions per minute.............. 242.0 244.9 247.3 240.2 244.2 246 .7 
TeMIhONs Per MINUbE 1 ata sais es oes: 110.2 56.6 19.5 109.5 58.4 12.4 
UB a ikl Sopra ae Richer nee ro eA ceo eee rae 6.93 3.02 0 6.87 3.02 0 
Fuel consumption per B.H.P. hr., lbs... | .681 .950 | 1.53 per hr. 923 1.271 | 1.48 per hr. 


























(g) Alcohol Engine (Locomobile), 14 B.H.P., D=8.28”", S=11.80’, ratio of com- 
pression ¢=5.91. Speed regulation by changing quantity of charge (taper cam for 
inlet-valve lever), electric ignition. Internal vaporization, that is without special 
vaporizer, starting with gasoline. 

Various tests made by Prof. E. Meyer, in March and May, 1901, showed the 
results given in the following tables. For the first the fuel was 87.2 weight per cent 
alcohol, having a lower heating value of 10440 B.T.U. per lb. 


























TABLE 48 
Outlet Temperature of Cooling Water. 

Renan Com- Alcohol per | Economic 

Test No. Load. a pression, B.H.P. |B.H.P. Hour.| Efficiency. 
Lbs. Sh % Cylinder Cylinder Average 
ead, Jacket. | of Both. 
1 max. Piao 107 15.68 .960 2020 208 .4 172.0 ZO? 
2 normal 280.3 100 L329 1.00 24.3 208 .4 179.5 208 .4 
3 279.1 — 10.42 1.060 235e 208 .4 170.5 203 .0 
4 4 282.7 53.2 Te05 e2NS 20.0 208 .4 176.0 208 .4 
ti) 4 291.4 — 3.64 1.885 13.0 208 .4 172.0 208 .4 
6 no load 293.5 21-15 — 5.85 per hr. — 208 .4 201.2 208 .4 

| 




















The consumption of cooling water varied from 21.6 to 19.5 Ibs. per B.H.P. hour, 
being small because of the high outlet temperature. 
Tests with alcohol-benzol mixtures made by the same experimenter on the same 


engine gave the following results: 
TABLE 49 








Kind of Fuel. 


Commercial Alcohol 
86.4 Wt. % Alcohol 
and 13.6 Wt. % 


(2) 


Water. 
H,,=10 350 B.T.U. 


Mixture: 

9.12 Wt. % Benzol 
and 90.88 Wt. % 
Alcohol. 
H,,=10980 B.T.U. 


Mixture: 

14.3 Wt. % Benzol 
and 85.7 Wt. % 
Alcohol. 
H,,=11340 B.T.U. 


Mixture: 20.95 Wt. % Benzol and 79.05 
Wt. % Alcohol. 


H,,=11 808 B.T.U. 


























Test No.:.... 2 1 3 vi 8 9 4 5 6 10 11 12 13 14 15 
Sika | Woe. pre Maxi-| Nor- Maxi-| Nor- ‘, 

Load Be ere he. tcc aoa Paks | Pa ae 
ERs peers 280. 1273.3] 286 |277.5| 278 |286 .7/275 .8)278 .3|/287 .2;279 .1/280 .2| 286 |287 .8/291 .7| 297.3 
B.H.P .. .{15.92/13.60| 7.20/15.78]13 .87] 7.21 |15.68)13 .90) 7.24 15.85}14 .00)10.72) 7.24} 3.72) — 
Fuel per — 

BSE | 993 |1 .033/1.175| .942] .968]1.16} .865] .918|1.12| .837] .859| .887| 1.17] 1.47) 3.82 
hr., lbs. per hr. 
Keon. eff.,% .| 24.7 | 23.8 | 20.8 | 24. 5 | 23.8} 19.8 |25.85) 24.3 | 20.0 | 25.7) 25.0] 24.3) 20.1114.7) — 





























(hk) In the main trials of alcohol locomobiles, made under the auspices of the 
Deutsche Landwirtschaftliche Gesellschaft in 1902, a Deutz engine gave the results in 
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the following table, compiled from the report of Prof. Eugen Meyer. The machine 
was of the horizontal type, D=8.30’, S=11.8’, ratio of compression ¢=8.90, piston 
speed 9.2 ft. per sec. The engine had no special vaporizer, and was regulated by 
throttling the charge. 



































TaBLE 50 
Consumption per B.H.P. ne 
Ors Volume | .)2* Com- Explo- 
Econo- imum é Do Exhaust 
: f Ck : 
Load. =| Rpm. | BLP. [ogi we |. | 7 [mee fin % of | Suction |Bressure, | Pressure,| Temper 
Gr Cylinder | Jacket G, Cylinder Ibs her Ibs. per | lbs, per iByene 
Alcona: Oil. Water, o Volume. maine sq.in. sq.in. Sr r> 
Ibs. Ibs. Ibs. 
Maximum. .|} 276.9 | 16.55 .813 .0057 1.69 31.6 93 — 2.40) 193.0 | 468.0 > 900 
Normal ....| 284.1 | 11.93 .867 — 2.10 29.6 71 NiO LOOT Onl moO 892 
Haligeeee er 292.5 6.18 -+ 1.115 — 2.60 22).7, 42 — 9.08} 76.5 | 178.0 | 892-897 
No load 298 .2 -= 4.63 .0136 — —_ 19 —11.50} 36.8 | 118.5 | 585-625. 
per hr. 











The alcohol used was 86.1 weight-per-cent,, for which Meyer computed a heating 
value of (.861 X11 664) — (.1389 x 1080) =10 043 —150=9893 B.T.U. per lb. 

2. Gebr. Korting A-G in Hannover (See also Plates XII to XY). 

This firm makes the single-acting 4-cycle-machine shown in Fig. 486, in sizes 
from 2 to 175 H.P.; from 175 to 350 H.P. the same design is used as a twin engine. 
The double-acting 2-cycle engine shown in Fig. 493, p. 338, is made in sizes from 
350 H:P!, up: 

The most important details of the 4-cycle design are set forth. in Figs. 487 to 492 
following. With reference to Figs. 490-492, a@ is the inlet valve cperated by cams and 
levers a’ and 6’. respectively. Mixing valve c¢ is automatic, while the starting valve 
d is operated by hand by the lever d’. Electric ignition e is double. Combustion 
space and cylinder are connected only by the comparatively narrow passage jf, formed 
by the vertical projection g, which is- effectively water-cocled.. The. idea of this 
construction is to increase the cooling surface for the purpose of raising the com- 
pression. At the lowest point of the cylinder there is provided a blowing-off and 
drain cock h. The speed of these engines, as in all machines made by this firm, is 
controlled by throttling the charge—in this case by a butterfly throttle-valve placed 
in the inlet passage between the mixing valve and the inlet valve. 

In the later construction, Figs. 487-489, the vertical projection g has been replaced 
by a horizontal water-cooled partition, again for the purpose of increasing the cooling 
surface and decreasing the end temperature of compression. This partition forms a 
part of the cover to the cylinder head proper, and this construction makes it com- 
paratively easy to get at the interior of the cylinder without removing the piston. 
Above 70 H.P. the pistons are lined with white metal, and above 100 H.P. the 
pistons are water-cooled. All of the sizes, with the exception of the small models 
up to 8 H.P., have an outboard bearing. Below 12 H.P. the electric ignition is 
replaced by the opea hot tube. 

The double-acting 2-cycle engine, Fig. 493, as stated, is not made below 350 H.P. 
Its method of operation is in general as follows .(see Figs. 494 and 495): 

The main cylinder a contains a water-cooled piston b the length of which is 
about 7 that of the stroke. A side crank, 110° ahead of the main crank, by means. 
of common gearing operates an air pump ¢ and a gas pump d, which are controlled 
by piston valves c’ and d’ respectively. From each pump separate ports lead to 
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the inlet valves e and e’, in the housing of which the mixture is formed. The ring of 
ports at the middle of the cylinder serves as the exhaust outlet for both ends of the 
cylinder, alternately on one and then on the other side of the piston b. At the 
moment that the piston commences to cover the exhaust ports, the pump pistons 
have already completed about half cf their stroke. Up to this instant, the suction 
passage of the gas pump d has been kept open, thus allowing about 40% (at full 
load) of the gas to flow back into the suction mains. After this the valve d’ 
closes the suction passage and opens the discharge passage, and the main cylinder a 
commences to take its charge. In the mean time the air pump c has delivered air 
into its discharge passages, or into a receiver in the base of the machine, from the 
beginning of its stroke and has forced some of this air up into the gas passage next 














Fria. 486. 


to the inlet valve housing e. Therefore, when the inlet valve e is opened, air will 
first flow out of both passages into the cylinder to be soon afterward followed by the 
mixture formed in the housing. This scheme gives a preliminary charge consisting 
of air only, which is desirable on several accounts. Scavenging and charging con- 
tinue until the pump pistons have reached their dead centers, which happens at the 
instant the piston b has covered the exhaust ports f. The mixture is next com- 
pressed and then ignited in two places simultaneously. 

The principal features of the construction are shown in Plates XII to XV. 

Speed regulation is effected by proportioning the quantity of gas to the load by 
means of changing the effective delivery stroke of the gas pump. For this purpose 
the hollow gas pump piston valve a, Figs. 496 and 497, contains a two-part piston 
valve d which controls the beginning of the delivery period in the stroke of the 
‘pump. The main valves a and 6 of the gas and air pumps respectively are carried 
by the common hollow valve rod c, which by means ‘of the rocker arm c’ is con- 
nected to the first eccentric. The auxiliary valve d of the gas pump is connected 
_ to the second eccentric by means of e and e’. 
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For 


main details see description ofFigs. 490-492. 
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Fias. 490-492.—Gas Engine, Model MS. 


Rated B.H.P.=160 at 140 r.p.m. 


Projection g is no longer used, but has been 
replaced by an axial intermediate wall, see 


Fig. 487 on preceding page. 
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The air-pump valve controls the suction and delivery of air independent of the 
load, making the alternate connections near the end of the pump stroke in each ‘case. 
Thus the same quantity of air is handled at all loads. Gas valve a, on the other 
hand, keeps the suction passages of the gas pump open far into the stroke, so that of each 








Fig. 493. 


charge at least one-half is forced back into the suction mains. At maximum load, valves 
a and d close the suction passages at about half stroke, opening the delivery passages 
immediately thereafter. At this instant the main crank, 110° behind the pump crank, 
passes through its dead center. With decreasing loads, the governor delays the action 







FU) 
GAY 
















Fics. 494 and 495.—Conventional Drawing, Kérting 2-Cycle Engine. 


of the auxiliary valve d, allowing the pump to force more gas back into the mains 
and less into the cylinder. A modification of this scheme consists in allowing the pump to 
draw a part of the charge out of the pressure passages leading to the cylinder, thus 
controlling the quantity of fresh gas. The pressure in the pumps at the end of the 
delivery stroke goes up to 8.5 lbs. gauge. 

The air forced up into the gas passages next the inlet valve, as. above described, 
is intended first to act as a scavenging agent, and secondly to aid in “ stratifying ”” 
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the charge in the cylinder. There is no doubt that by this means a comparatively 
lean mixture may be obtained next to the piston.* 


















Fias. 499-501.—Erecting Plan for Standard 
Korting Pressure Producer Gas Installations. 





(In case anthracite is used the space E 
occupied by the sawdust purifiers is not 
required.) For suction-gas plants, the di- 
mensions C@,.D, and E# may be reduced by 
from 4 to 4. 









































TABLE 51 
DIMENSIONS OF KORTING PRESSURE GAS INSTALLATIONS 
; = 2 | 
NaGe Bi.PJ. 2 eu eee | 314 216 | 20. | 258980. | 8b. 405 | 2-50 | 60 | 80 
an | = ! « 
Number of producers..... 1 1 C3 ale | Leahy 1 Cea |e | 3 3 
| | 
SINGLE-UNIT PLANTS 
Al 15.6 | 16.4| 17.0! 17.7 | 18.4 | 20.3 | 21.6 | 22.0 | 23.0:| 24.9'| 26.2 
By 4i-24+ ti 5 {12.5 | 42-5 | 12-5 |-22"8-|- 13-1 |-r4ca [-1427-| 15-7 16-4 
Dimensions in feet... { C | 10.5 | 10.5 / 10.5 | 10.5 | 10.5 | 10.5 | 10.5 | 11.8} 11.8) 13.1 | 13.1 
De e714 | 17 As 1%.4 | 17.4.) 17.4 | 47-4 | 17-4 | 18-3 | 18.3.4.19:7 | 19.7 
PNCAT- Ol 7.9 es 79 | ee 7.9 Ba 8:8; |- 9.8717 9.8 
Two-uniT PLANTS 
| 

A| 15.6 | 16.4 | 17.0 | 17.7 |.18.4 | 20.3 | 21.6 | 22.0°|'23.0-| 24.2.) 26.2 
[3 22.4 | 23.0 | 23.0 | 25.0 | 25.0 | 25.6 | 26.2 | 28.2 |°29.4: 31,4 | 32.8 
Dimensions in feet... -;.C'|"14.8 | 14.8 | 14:8-] 14.8 | 14.8-] 14-8 | 14.8 | 16:4 | 16.4-| 18.0 | 18.0 
Peo sip ae tl 32+ (0 1320 eel toed 4 A8240b 15.7 | 1527: | 18.0.) 1820 
BPO seo. -9.8 | 9.8.1 9:8:10 9.8 | 9 8|-10.5.| 10.5 | 11.8 | ies 














_ #See the extended discussion by Reinhardt concerning charging and governing phenomena in 
Stahl und Eisen, 1902, No 21. 
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Fies. 502 and 503.—Erecting Plan for a Kérting Gasoline Engine, Model M—A, with Spraying Carburetor. 


‘Room for the storage tank a and the feed tank c is separated from the engine room by a heavy wall. 
Tank c is filled by means of pump Bb.) , 


Operating Results, (a) Illuminating Gas Engine, 8 B.H.P., D=6.90", S=13.4”, 
compression ratio ¢=6.41. Magneto Ignition, speed regulation by varying charge 
volume. Tests by Prof. E. Meyer. 

The illuminating gas used had a heating value of 496 B.T.U. per cu.ft., at 66.2° 
F. and 751 mm. bar., the consumption figures of the table, however, have been 
recomputed to the basis of gas of 562 B.T.U./cu.ft., at 32° F. and 760 mm. 











TABLE 52 
Com- Pressure Ratio ; . 
Gas per F ¥ Economic| Heat in 
pression | at End of | Charge to P : : : : 
Test No. Load. R.p.m. B.H.P. BEE Pressure, | Suction, | Cylinder Lye 3 Air Efficiency, ge 
= a Pe ’ lbs. per Ibs. per | Volume, AEE 70 ater, 
n Ne Vent sq.in. sq.in. %. Nw 70+ 
1 full D2Nie2; LOR27 16.05 139 13 .8abs. 76 6.76 28 34.9 
Z 4 22652 5.20 20 .60 85 9.80 50 6.99 22 38 .6 
3 no load 229.3 0 51.2 35.0 6.35 23 6.00 — — 
per hour 



































The diagram obtained at maximum load showed an average mean effective 
pressure of 85 lbs. per sq.in. From this Meyer subtracts? the mean pressure of the 
lower loop diagram p,_=2.3 lbs. per sq.in., and from the net pressure p;=p;, —p;_ = 
85—2.3=82.7 lbs. per sq.in., he computes the corresponding maximum I.H.P.=11.55 





17. da. V. D. I., 1900, p. 332. 

2The correctness of this method of computation is just at- present the subject of an extended 
controversy, published in the Zeitschrift des Vereins Deutscher Ingenieure (1905, pp. 324, 331, and 517) 
and started originally by an article due to Professor Riedler. At the present writing the conflicting 
opinions appear to hold a balance. The question is of importance in matters relating to the com- 
parative performances of 2- and 4-cycle engines. It is quite likely that the issue will be settled by 
the code for the testing of gas engines now in preparation. 
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and, the gas consumption per I.H.P.-hour=14.4 cu.ft. Figs. 504 and 505 show 
two no-load diagrams obtained on Test No. 3. 

The author has taken the follow- 
ing additional data on _ illuminating 
gas engines from the catalogues and 
other papers of the firm. The tests 
were all made by independent ex- 
perts, and the figures for gas con- 
sumption have been referred to gas 
under standard conditions. 


1’’=120 lbs. per sq.in. 


a 




















Fia. 504. Vie. 605. 
TABLE 53 
Electric Station at Géttingen. 

100 B.H.P. Illuminating Gas Engine. Eloaic station. 
TOA yey she se eke ERE One as ilies full full 2 full full 
ABE Pete Piaess sear entation RMP ach duster se os 114.1 76. 3 115.0 76.9 97 .20 97 .30 
Gas per B.H.P. hour, cubic feet........... 14.10 | 16.38 | WaysBvs || Sileierdss 14.70 14.05 
iBcONOMICIeHICIEN CYA pm esietaniare ss =e. ode 32 27.5 29.5 25.0 30.5 32.3 





(b) Two 125 B.H.P. pressure producer gas engines of the older type in the 
Electric Station at Erlangen gave the following results: 


Eire SN On een eee tree Peo tcte) «oats Sievie, at atar's os c0d weveks I II 
Meanie loadarrer.5 siren meen s ce Her N ae sel oe vetcorehe, ea ce/mhe 83.93 K.W.=125 B:H.P. 88.7 K.W.=1386 B.H.P. 
Fuel consumed per K.W.-hr., boiler and producer, lbs. ..... 1.230 1.29 

or 
Gas coke and anthracite, per B.H.P. hour, lbs........... .837 .878 
Cooling water per B-Eer shoury lbs coi saree oe wie es 73.6 72.5 
Mechanical efficiency (n=appr. 126 r.p.m.), %.......... 85 85 


From the above figures we may obtain the following additional data: 


EL Ts Peewee ra rd ee MRR ain ethcla cn siless cishcuscssysiieaies o's slinia leave Bes 149 162.5 
Bruelapengl diis bao lire! bacuwee ror eakecrse Wek. cpacty..s/s kvchertens £712 746 
Indicated thermal efficiency % (taking Hy,=13,500 

ISS AE SUG ANOS Pre acche bs dict bien Rea crG Rack ceene ss Career one saa Ore 26.5 25 3 
Economic efficiency of entire plant, % ...............65 22.5 21.4 


The figures guaranteed by the makers for the above installation were: fuel con- 
sumption, 1.71 lbs. per K.W.-hour; mechanical efficiency, 80%; and cooling water 
consumption not to exceed 110 lbs. per B.H.P.-hour. The difference in speed between 
full load and no load was 2% of the rated speed; for sudden changes of load amount- 
ing to 25%, the variation in the speed amounted to not quite 1.5%. During the 
two-day tests each unit was temporarily loaded with 94 K.W.=appr. 140 B.H.P. 
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® . 
(c) A suction gas plant of 100 B.H.P. rated capacity, operated with brown coal 
briquettes tested in the summer of 1904 by R. Pawlikowski, showed the results given 
in the following table: 


Cylinder diameter, 21.2’, stroke, 34.4”, r.p.m., 150. 


I GE lege cerare eae Sy ere or ter ies rear ens Aig nde ec SRS nck BIS ooba0.8 4 I 1M Til 
Duration hours) 34 fancies cee ee eee oe eee 5 3 3 

1 5 9 6d ee eran ene aise Mtn ee I ey ANG aia dit bd pao SK 150-132 152-148 156-154 
Doel cil Bid Ree ei Bere hana RARE A teensy moana od t,o 0 0 oa 118 .5-113.5 108.5 53 .8-53 .6 
Stictionsyacuumeinchesswaten cies icee deren tne ieee eae 1.97-2 .36 Wr ov=).93 .97-1 .38 
Temperature of cooling water, outlet, degrees F................ 104-113 95-100 91-95 
Weight of one full charge for producer, lbs..................... 154-198 154-176 88 
Dimerot ¢asiticationwpencharce Nout aware enne ete renee 1 1 1 
Bueliconsumptionspemsazbb hour Osean ert are arte iene 1.477 1.492 2.18 
Fue] consumption per B.H.P. hour, lbs., guaranteed ............ 1.562 1.562 2.39 


At one-quarter load the fuel consumption was guaranteed not to exceed 3.19 lbs. per 
B.H.P.-hr. During stand-by periods lasting for 12 hours (over night) the producer 
burned -from 99 to 110 lbs. of coal, which amounts to about 8% of the daily con- 
sumption at full load. 

Kind of fuel: Brown coal nut briquettes, average size 2’, heating value 8607 
BOL; Ueiib. 

3. Vereinigte Maschinenfabrik Augsburg und Maschinenbau-Ges. Niirn- 
berg A.-G., Werk Niirnberg. (See Plates XVI to XVIII.) 

The new model of large gas engine made by this firm and recently introduced 
operates on the 4-cycle double-acting principle and uses eccentrics to operate the 
valves. The constructive details of these engines are clearly brought out by plates. 
following, and by Figs. 508 and 509. The sizes at present built and their main dimen- 
sions are compiled in the following table. 


TABLE 54 


STANDARD CAPACITIES AND MAIN DIMENSIONS OF NEW TYPE DOUBLE-ACTING LARGE 
GAS ENGINES 
































Single-cylinder units.......... ID eGear || ADE A |) ID, efoz |) 1B fe DEO) | DAO) Diss De iZ a Deals 
Ratedeb El. Ply te terete eee erie 160 220 245 315 400 480 550 690 845 
FRAP es boats aera eee enc ee 150 150 125 125 120 110 110 94 90 
Max. length to center of crank- 

Slatite eee ieee oe ft.) 18.0) |) 19.25) 20°34. 226085923842 25.67 | 282 or asO roel Sens 
Diameter of fly-wheel...... ft), 1325 |e lor! 16.1 16.7 16.7 18.1 20.0) 21935) 2221 
Distance floor to center of 

Sait trope eae cre oe ft. QRAG ae Ze Olli 2554) 2862 2e79" 2-95). 3.12 eee O ome 
Maximum width*......... fteeli dead | el oe4 al eel Sed LOU ele e20 Rone 214g 22 Ral 23.0 | 23.8 
TPanGemgunvyseyetpee eee era D: Te 6a) DiLe7 | Dabs Fal Dees Dre) ei OD) soda adel 10) eet 2) TD eat es 
Rated Bune. acnncieprertttas war 350 480 530 685 870 {1050 {1200 1500 1850 
USOT Se sete eee re ee a a rare 150 150 1125 125 120 110 100 94 90 
Max. length to center of crank- 

Sen hie ae RON ain co oes ft..|) 28205) 3028 | 982. 85\s 28522) | 88227) 4100), 4242S 4G a7 seaoe? 
Diameter of fly-wheel...... a | MSGS | AK Soal 16.1 16.1 1Gelelse lL. | 9-20 20s ete meee 
Distance floor to center of 

shalt is oad aoe ite ft. 27AG|) -2R51\) 2 SS i 22621 2279) 2295) 3 21 SO oeee 
Maximum width*......... We ABSA abssare sy) SAN) PACs |p Aa Sy Ib = PA I 23.0} 23-8 | 2456 

















* To outer edge of out-board bearing. 
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The sketches shown in Figs. 506 and 507 indicate the manner of opening up the 
interior of the cylinder and the taking out of the pistons in a Niirnberg tandem 
engine. 


Fic. 506.—Method of Opening - atte 
up the Front End Combustion EES rr S| | See ol ea z =H {igh “r-@ 
Chambers. 
































Fic. 507.—Taking the Pistons 
out of a Tandem Engine. 























Operating Results. Recent information on fuel consumption and capacity obtained 
by independent observers is lacking in the data available. The heat consumpticn at 
full load for the large machines is given at from oe 
8700 to 10300 B.T U. per B.H.P.-hour. This, if a [ 
gas producer is used, would mean a consumption of 








from .815 to .945 lbs. of anthracite and from 1.00 ae 
to 1.17 lbs. of coke per B.H.P.-hour. The consump- '" 
tion figures for ? and 4 loads are stated to be 10 ai 
and 30% higher respectively than at full load, which L 
would be a very remarkable showing. The diagram, Fra. 510. 


Fig. 510, was taken from a blast furnace gas engine. 

4, Deutsche Kraftgas-Gesellschaft m.b.H. in Berlin, (see also Plates XIX 
to XXII). 

This company are the owners of the Oechelhauser 2-cycle engine patents. These 
engines are at present built in single cylinder sizes from 250 to 1000 B.H.P. and as 
twin units from 500 to 2000 B.H.P. The speed of all of the sizes is 125 rpm. The 
fuel is mostly blast-furnace gas. The 1000 B.H.P. twin cylinder engine for ‘a coefficient 
of regulation of g4y (operation cf ‘alternating current generators in parallel) has a 
fly-wheel weighing only 28 tons. The indicator card, when operating with blast-furnace 
gas, shows a compression pressure cf about 150 lbs. and at maximum load an explosion 


1Since the printing of the above statement, Professor Riedler has published in the Zeitschrift d. 
V. D. I., 1905, p. 273, an article on ‘‘Large Gas Engines,’”’ from which the writer, among other things, 
takes the following results obtained in the operation of a double-acting tandem Niirnberg engine (No. 


IV, D=33.5", S=43.4", n=106): 


Ne= 276 550 860 1024 1100) 2 “1881 1170, BeEeR et 
pi= 60.8 42.5 60.1 68.1 Piya pe 75.2 Ibs. per sq.in. 
Wmi= 48.5 69.0 76.1 79.0 $2) 1) 1 82.6 83.1% 


_ Consumption = 18 800 12400 10920 10 120 9780 9320 9080 B.T.U. per B.H.P. per hr. 
At the lowest load (276 B.H.P.) one cylinder was cut out. The power developed was measured 
electrically. 


TESTS OF INTERNAL-COMBUSTION ENGINES 


TRUCTION, ERECTION, 


8 


346 CON 


‘OPIS IVOS-9ATBA JO MOTA 
CLV Eh=S “S'e8=C) ‘wrd's OZT 48 OL8='d'H eAMOeR™ ~soputpAQ Surmorg o7 poyoouod Yoourp oUISuq WopuRy, SsoquinN—'gog ‘DI 





p 


347 


STATIONARY ENGINES 


‘oye ‘sapulAg SUIMOT, ‘WOTpONAYSuOH OUTCIT SULMOYS Mi 


A 


CL FeSk=9 VG ee=q) ‘weds OZ  OL8="d'H MAMooyA “JopurjAD SurMmoyg 0} poyoouu0d-,0a1Ip 


‘ 


suISsUy wWepuRy, s10q UIN Y¥— 


60S “OLE 





348 CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 














et 3}, 






































© 





4 







































































































































































































































































Ze/ 






































349 


TIAX PUB TAX SeqXI gq UO payeysnyyt 
euIsUS Suryov-s[qnop sy} Aq poovjdoed useq ourTyUveUT oy} UT SsvYy ‘sqqn OF ONp ‘USISap STU, 


*(q GABA OAVEIS JO SuBaUI Aq) osIvYO Jo AyyURNb oy} surAIvA 
Aq pue (saaTeVa 9794014} oY} JO SuBeuI Aq) oiNyxtUT oY} SuTsuvyo Aq uorTZe[NSe1 poodg “puey Aq 


‘ 


“2 ‘Aves Jopust 4 foseyuT] 1ou1eA0s ‘y ‘ssutids IaA0] oATBA “2 frees Suryseys 


queuysnt{pe yards 
roy qaoddns ‘y f1ayva Surjooo uoystd Jo esreyosrp pue Ajddns 10; soxoq-surynys yytM sedid ‘6 


Se0ym-Ay gyeys-Avy “f ‘soayea ysnevyxe “9 fsaATBA SUTUIOAOS pu SUTXIUI ‘q fSaATBA YOTUL ‘Dd 


‘urd-d ZT 98 “dH 008="N 
“‘S1OQUIM N “Sey-nequouryosvyy ‘eddy, toplo ‘eursuqy sex) Joonpolg wepue,—FIG-[1¢ “Sd 











/94='7J0O nu oAO YZbuay 


HHL 
\S 


als 
XR 











STATIONARY ENGINES 





BH 





SSS 





z= ag 


4 
4 
Zee. 


Witsishtiis G 
N 


SS 














gene yng 


are 





SSSSS 





ae 
+> 


hy 








Sr 


Li Le ZZ, Lil = 


Z 
1] 
































SSH H SSS SETS AUS SSS NSS SSE Sg SS SS SSDS SEES SS DD HOSEENSESSUSSSS 
ELE \ 
at 
u (5) 
} H ) 
S\ 
D2, 
Seal 
VEL GE Se ae ae : 


ena O_O ETT 
Se I 

SSeS Sea 
Lk 


PPIDES TILE i fl 
| 
ate 
a4 : 
SS 2 QARARRURRUR RS Ses Ses = i 





ARIAS 


TA 











350 CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 


‘TIAN pur TAX s8e7v][g uo umoys oursua 
Suljov-ajqnop ayy Aq peovjder uoeq 

sey ‘qqq 0} ONp OsTe ‘usIsep sty, 
TAX %¥[q 098 uvlg Surya 10,7 
“SOA[BA OATIOOdSeI TOYA YIM 
puodsa1109 0} poyIVUI o1v SIOA] DATCA 
yt ‘“woysks 10j8M-3m]oo. uojsid 
oy} 10¥ roquieyo me 6 {4yeys Avy uo 
poym-Ag YL feayea Suryaeys ‘a S1oqruSt 
dIIpO9Jo “p fSoATBA ysnvyXa ‘9 ‘SOATBA 

SULUIOAOS puv ses “gq {sea[eA yozur “p 
4J STE Jojoureiq ‘suo, g/ YSIOA\ JOoyM-A[T 
“‘SUO} OST ‘J9eYM-ATY FNOYIIM “YSIEM [VIO], 

‘ul SS=9 *,619= 
wd 106 48 DH 00L=4N 
“BIOquINN “sorn-nequeuryosepy ‘ours 

“UG SB doBUING ISV[GY— L1G-GTg¢ ‘soy 





k Lo- * Cp ——— 



































BxG eae 
WN \ Yan\ SS. j 
ONO | 
Of J 
pas 
La Aes 
Vi, iene] 
fi Ne 

Ia 

ey / 

Ahi Con ae ay ee Sees io 



































































































































bean 



























































STATIONARY ENGINES + 35! 


pressure of about 300 lbs. per sq.in. For method of speed regulation, see Plates XXI 
and XXII. 

The method on which this engine operates is best explained from Plate XXII. The 
cylinder, a long straight tube open on both ends, contains two pistons. The front piston, 
by means of rod, cross-head, and connecting-rod, is connected to the middle crank of 
the three-throw shaft. The back piston, by means of a yoke, side rods, etc., is connected 
to the two outside cranks. This construction results in an engine almost perfectly 
balanced. The front piston controls the exhaust ports a, while the back piston uncovers 
first the scavenging air ports b, and a little later also the gas or mixture ports c. The 
air and gas pumps are in this case placed at the side of the engine and operated 
by a rocker arm and shaft, as shown. In some of the other constructions these pumps 
are operated by an extension of the back piston rod, or they may be placed under the 
floor and operated by rocker arm. The pumps supply gas and air under certain pressure 
to individual receivers which in turn connect with the gas and air ports c and b re- 
spectively. To explain the operation, suppose that both pistons have completed their 
instroke and have compressed between them the fresh charge (180° from the crank 
position shown in the plate). The charge is ignited electrically at g and the explosion 
forces the pistons apart. Near the end of the stroke, the front piston first uncovers 
ports a, and exhaust commences. A moment later the back piston uncovers ports }, 
admitting a charge of fresh air to sweep out the cylinder toward the front. This is 
next followed by gas from ports ¢ to form the mixture. On the return the ports are 
covered in succession and the operation is repeated. 

Operating Results. A 500-H.P. Oechelhéuser blowing engine in the Borsig Works 
was tested by Pref. E Meyer. The fuel was coke oven gas. 

The machine was originally built by A. Borsig-Tegel for operation with blast- 
furnace gas. Hence to operate it with coke oven gas called for certain changes in 
pumps, ports, regulation, ete., which changes left certain imperfections in the construc- 
tion, at times affecting the results unfavorably. 

The main tests were made during the forepart of August. Certain check tests on 
the most important of the main trials were made at the end of October, 1904.* 


MAIN DIMENSIONS OF ENGINE 


(aetna Fe SO ee ORCL er 44 5" 
Power cylinder Stroke front piston... 37.49” Air pump { a = Coe 19 ee 
Stroke back piston ... 87.31” eeu ee te a “4 

: lind jj IDEN EP oe cue 4 65.0” G { Diameter... 23.20” 
Blowing cylin CUNtStro kereers uses Sepa Beene ae RP ie Stroke. .... 19577 


ANALYSIS OF THE COKE OVEN GAS USED (Vout. %) 


COmnIe Tar. 2: 4.91 4.90 5.30 
Heavy hydrocarbons.... 2.63 1.80 2.10 
(Oy sabes a eratn Rear .20 .30 .40 
Cee yee ines tcole he 11.84 10.60 10.20 
DEL earns itary a Negeri, tert 42.00 48 .08 43 .80 
(Gee eptecva arc ene ecm 19.73 18 .43 20.30 
IN ee Rave aici eee eeenry, Ue amie 18.69 15.89 17.90 


ii 
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The lower heating value of the gas was determined at short intervals of time by means 
of a calorimeter and was found to vary within the limits of 349 and 433 B.T.U. 
per cubic foot. 


TABLE 55 
PRINCIPAL’: DATA FROM SEVERAL OF THE TESTS 




















Tests Made Avucusr 4, 5, 1904. 
Test Number. VIIb XV XIV | XIX {- XVII x IV VIII6 | XII 
WRF Os 6 rn ros. rosea eea Ee ree nee 110.6 | 113.6 | 112.9 |108.3 96.4) 84.5] 86.8] 86:1 68 .4 
Compression, lbs. per sq.in.....| 153 150 150 143 145 143 139 139 142 


Mean ind. pressure, lbs. per sq.in. 





























Ys OLE SA eee OL er, CEE | 74.5 60.5 Cai halt 41.2 32.6 wOgl: 53.4 52.0 Sha 
TE Pi Giro mn) 7701) eee tore te ies 865 723 676 468 330 622 486 470 410 
Mean ind. pressure inair f Front) 7.3 6.7 6.8 5.06) 5.85) 6:93) 4.70): 4.60) 4.10 

pump, lbs. per sq.in..{ Back} 4.66]. 4/36, 4.32 3.44] 3.58} 3.86) 3.01} 3.09] 2.37 
Airpump, IsceeewND sen cariae TOFS -98-.G8) 9807 tigi os deo len ledet 52.6)  S2ialt) °34.8 
Mean ind. pressure in gas pump, 

bse perisetinie sack sere on. 3.11 3.45 3.52 3.56 3.69 3.53 3.15 3.34 3.28 
Gas pump ee Pee Ng are eakes. 7.25 8.25 8.37 8.14 7.51 6.29 5.76 6.06 4.73 
Total pump H.P., N.+Ng../..| 111.2 },106.8 |,107:0 | .80.6 | -79.0 | 78.0} 58.3] 58:26:] 39.5 
Indicated engine H.P.=Ni= 

Niz—(NI+Ng)* 200000020. 754 616 569 387 251 544 428 412 370 
L.H.P. of blowing cylinder, Vw .| 619 476 433 269 144 457 343 338 293 
Ratio “exe SR Pas ON J\ 14.7 17.3 18.8 20-8 31.4 14.3 13.7 14.1 10.6 

v 
Total eff.: = ds Nahas eae %\ 70.3 65.7 64.1 5775 43 .6 73.5 70.6 71.8 71.3 
t+ 
Mech. eff.: ma Ho Uh are hua TI 82.1 T7022 76.1 69.4 57.3 84.0 80.2 81.8 78.9 
fA i 
Work of friction, Nr=Ni—N .| 135 140 136 118 107 87 85 74 rl 
Heat used per I.H.P. hour: Set 

Based on Nix cs te. os; B.T.U.| 6700 6500 6500 7060 9630 7830 6980 6670. 6820 

Based.on Neh... 2. =%: Baa 7710 7670 7740 8540 | 12610 8970 7950 7630 7540 

Based on Nw........ B.T.U.| 9400 9900 | 10140 | 12270 | 22100 | 10610 9900 9310-| 9580 











* See foot-note, p. 342. 


In the second series of tests, October, 1904, the best figure obtained for the heat 
consumption was 7310 B.T.U. per H.P. hour, based on N;, and 8760 B.T.U., based on 
N». The corresponding thermal efficiencies 34.8 and 29% respectively, are extra- 
ordinarily good. The quantity of cooling water used was 60.5 lbs. per H.P. of blowing 
cylinder, while the heat carried off by the cooling water amounted to 16% of the heat 
in the gas. These too are very excellent results. The quantity of cylinder oil used 
in the power cylinder was 1.19 Ibs. (about .16 gallon) per hour. The other parts to be 
lubricated received per hour 2.72 Ibs. (about .37 gallon) of fresh oil besides .a. certain 
quantity of recovered oil. 

5. Louis Soest & Co. in Reisholz-Diisseldorf. (Plate XXIJJI.) 

As a result of its excellent constructive features (compare the main parts shown in 
Figs. 87-89, 144-147, and 276 in Part II) this new engine has made a name for itself 
in very short time. One of the two 600-H.P. twin engines shown on Plate XXIII 
was exhibited in Diisseldorf in 1903. The two-throw crank-shaft, forged from one solid 
block, weighed 32100 lbs., of which 5700 lbs. belonged to the balance weights. The 
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diameter of the wheel, for a coefficient of regulation of ;3,th was 19.7 ft. (V~125 ft. 

per sec.). The weight of the wheel was 66000 lbs., corresponding to 110 lbs. per rated 

horse-power. The indicator card, Fig. 519, was obtained when operating on a blast- 

furnace gas carrying about .0006 gram of dust per cubic foot and having a heating 
value of 95.5 B.T.U. per cu.ft. The mean effective pressure of this 

ee diagram was about 71 lbs. per sq.in., corresponding to a horse-power 
developed of 660 B.H.P. 

Late in 1903 this firm took up the manu- 


15 facture of double-acting 4-cycle engines for the 
largest sizes and is at present engaged in 
a developing a  double-acting 2-cycle machine 


(similar to the Koérting, but having the firm’s 
own method of forming the mixture and of 
governing). A 400-H.P. machine of this type 
is already being used for experimental work. 

6. Giildner-Motoren-Gesellschaft in Aschaffenburg. (See Plates XXIV and 
XXYV). 

The degree to which the efficiency and specific capacity of a given type of internal- 
combustion engine may be raised by intelligent treatment of the constructive features 
is well shown in the new Giildner engine. Fundamentally nothing but a simple 4-cycle 
engine, this machine owes the unusual efficiency 
and capacity shown in the tables below entirely 
to careful attention to all its details, and 
especially to the design of the compression and 
combustion chamber, and the mixing, ignition, 
and governing arrangements. Fig. 520, together 
with Plate XXIV, show the main construc- 
tive features of one of the 100-H.P. engines. 
Probably the most striking feature is the 
double wall A-frame, which is a development 
of the author’s own older designs for the first 
Diesel engine, operating. without a cross-head 
and which of late has become well known in 
the newer Augsburg design of this type of 
machine. 

For reasons strongly emphasized in all parts 
of this book, the Giildner engine at all times 
operates with a mixture as pure and as uniform 
as possible and in every respect brought to the 
best condition attainable for most efficient com- 
bustion. One means to this end is the tem- 
porary combined action of the exhaust and Fie. 520.—100 H.P. Giildner Engine. 
the inlet valve such that the combustion chamber (D=18/7""-S =27.57 nw =160)) 
is filled with air even before the suction 
stroke proper is commenced. It follows that the cylinder will get a greater quantity of 
cool and pure mixture, which, at all loads on the engine, will ignite with certainty and 
burn efficiently. (See the developed regulation diagram, Fig. 521.) The speed of the 
engine is regulated by means of the governor and gear shown in Figs. 327 and 328, 
p. 245. ‘This arrangement operates to proportion the quantity of charge to the load; 





Hire, 519. 
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but to obviate as far as possible the difficulty encountered in igniting the mixtures at 
the lower loads, brought about by lower compression pressures, the governor also 
controls the proportion of gas in the charge. The success of this system of governing 
explains why the heat consumption per horse-power-hour of these engines shows such a 
comparatively slow increase with decrease of load. 

The erecting plan, Figs. 522 and 523, shows the practical disposition of the apparatus 
making up a suction-gas plant, arranged with a view to accessibility in all its parts. 
Attention is also called to the short lengths and accessibility throughout of the gas 
main, important points in themselves. In the larger installations the exhaust pipe is 
jacketed and the jacket is used directly to conduct away the cylinder cooling 
water. 

Whenever possible the exhaust muffler is placed near the roof either in the engine 
or in the producer room, the idea being to promote ventilation by thus heating the 
upper layers of the air. For the same purpose, the inlet of the suction pipe to the 


¢0ar 





Compression Stroke Expansion Stroke 


Fig. 521.—Regulation Diagram, Max. Load to No Load. 


engine is placed in the producer room. (For details of, Gildner producers, see 
p. 280.) 

The gas and air controlling valves of the large Gildner machines may be operated 
from the floor as well as from the platform. In these sizes the exhaust valve is also 
water cooled. All of the sizes made have ignition gear that may be set by hand, 
pressure oil pumps for the pistons, and a central oiling system for the bearings. Up 
to 20 H.P. the starting is accomplished by means of the starting gear shown in 
Figs. 443 and 444, p. 291; the larger machines are started by compressed air obtained 
with the small compressors illustrated in Figs. 451-453, p. 294. The details of some of 
the other machine parts are shown in some of the type constructions illustrated in 
Part II. 

At present Giildner engines are built as single cylinder engines with capacities 
ranging from 10 to 125 H.P., and two cylinder units are made in sizes from 100 to 
250 H.P. The main dimensions of the engines as well as the room required under 
ordinary conditions, are shown in Table 56 following: 
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TABLE 56 


PRINCIPAL DIMENSIONS OF SINGLE-CYLINDER GULDNER SUCTION GAS PLANTS 
(See Plans, Figs. 522, 523) 














Nnin B.H.P..}| 10 12 15 20 25 30 35 40 50 60 70 80 100 125 

ie mnls fas ee 240 | 240 | 225 | 225 | 210 | 210 | 200 | 200 | 190 180 170 160 155 | 150 
a A 7.87) 8.20} 9.20} 9.85) 9.85)10.5_ |10.5. }11.80) 12.75) 13.75) 14.75) 15.70} 18.0 | 21.30 
5 B 3.28] 3.40) 4.28) 4.60} 4.93) 5.25) 5.91) 6.33) 7.07) 7.87) 8.55) 9.18) 9.84) 12.10 
ce Cc 4.60} 4.93} 5.58) 5.91) 5.91) 6.23) 6.57) 6.90) .7.22) 7.57) 8.20) 8-53) 9.52) 10.50 
f. D* \10.50)10 .50)11 .80)13.1013.75)15.10/16 .40/16 40) 16.40) 17.40) 19.CO; 20.35) 21.30, 22.30 
a. £ 6.92) 7.20) 7.70) 8.05} 8.53) 8.85) 9.85) 9.85) 9.85) 10.50) 11.50) 12.50) 13.10) 14.40 
age F 1.13) 1.65) 2.62) 2.78) 2.78) 3.45) 3.12] 4.43) 5.08} 6.08) 5.25) 6.23) 6.90} 8.85 
£2 G 6.55} 6.55) 6.55] 7.05) 7.05) 7.05} 7.35) 7.35} 7.70) 7.70) 9.50) 9:50; 11.15; 11.50 
a5 H 5.29) 5.29) 5.29) 6.27) 6.27) 6.27) 7.06] 7.06] 8.05) 8.05) 9.85} 9.85} 11.50} 13.75 
“3 3 I LOT OTL OT: VOGT OFM OT We OT) meses 77 ele 96) Rae ice ©) Wines 09/07 ea 
a K 2.62) 2.62) 2.62) 2.96) 2.96) 2.96) 3.28) 3.28) 3.61) 3.61) 3.94) 3.94) 4.27) 4.58 
Se 2b 1.64; 1.64] 1.64) 1.64) 1.64) 1.64) 1.64) 1.64) 1.64) 1.64) 1.64) 1.64, 1.97) 1.97 
fe z: M 5.08) 5.24) 5.58) 5.58) 5.90} 5.90) 6.25) 6.25) 6.55) 6.88) 7.55) 8.20) 9.50) 11.15 
ae N 3.22) 3.28) 3.44) 3.72) 3.77) 3.94) 4.03] 4.27) 4.59) 5.08} 5.37) 5.63) 6.07; 6.55 
a O- 8O 5.57| 5.90] 6.56) 7.38) 7.87] 8.53] 9.50) 9.50) 9.85) 10.80) 11.15} 11.80} 11.80) 12.15 
s Ie 36). .38] .39) .39} .41) .43).-.44) 46 73 9) 86 92 .98) 1.05 
‘a Q 1.97) 1.97) 2.21) 2.46) 2.95) 3.28) 3.62) 3.77), 3.94) 4.27) 4.58) 5.24) 5.73) 6.23 
a R .92) .92) 1.07/ 1.15) 1.31) 1.37) 1.441 1.51) 1.80) 2.10) 2.39) 2.52) 2.95) 3.28 

Width of belt .43| - .43])- .46) .53) .59). .62, .66) .69 .82 .95| 1.08) 1.15) 1.34). 1.5L 















































* This amount of head-room is ample to allow of the taking out of the piston together with the 
connecting-rod by means of a crane. Where this room is not available the piston may be taken out by 
itself, in which case the head-room may be made equal to about ?D. 


Operating Results. (a) The first vertical Giildner engine in actual operation was 
tested in 1903 by Prof. M. Schréter with the assistance of Dr. Koob. The tests were 
conducted with both illuminating and anthracite suction gas. The engine was rated at 
20 H.P., cylinder diameter =9.87”, stroke = 15.75’... The maximum compression was 113.5 lbs. 
with illuminating gas and 157 lbs. with suction gas. In both cases the indicator 
diagrams showed a mean effective pressure in excess of 113 lbs. per square inch at 
maximum load. The exhaust gases at all loads were invisible and odorless. 


TABLE ROM 
RESULTS OF TESTS WITH ILLUMINATING GAS 














Consumption of Coeaatioe of 
Gas Referred to | Gos Hedved to 2 Ind 
Mean Lower ee es. 560 . aN OF Heat cated 
Mear Effective rerave eens CI aL per cu.ft. used per ae 
: 7 ae 
Approximate Load. Rpm. [ewe | LEP. Ea, TELE Gl Genes, 
etc per cu.ft.| Per I has Re Per BTU: Ms 
HOUS. yes tea. (une: 
cu.ft. athe Hour. % 
Half maximum load ...| 211.8 59.5 19.1 488 299 15.60 275 14.40 | 8640 31.6 
Samen wien ecaawe ce med 213.9 63.7 Pala? 496 295 14.25 279 13245 tooo 33.9 
2 maximum load...... 212.8 95.3 30.9 495 384 12.43 362 a2 6580 38.8 
WAIMESS aves ean ohare PINGS ACE 94.0 | 30.6 501 383 12.38 360 11.80 6620 38.6 
Nearly maximum load .} 214.5 | 114.5 | 37.1 497 457 | 12.28 436 || 11.73 | 6590) | 39.0 
SAME SSS. cu ease eee ZOE ee LOEO $5.3 498 399 TZ 377 10.65 | 5970 42.7 



































The heat balance for the last line of the above table reads as follows: Of the heat 
supplied in the illuminating gas, 42.7% are transformed into indicated work, 33.2% are 
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Cherging 
Hopper 


Purge Pipe 





Open Coal Storage 


Fies. 522 and 523.—Erecting- and Floor-plan for Single-cylinder Giildner Suction-gas Plants. 
(See Table 56 for Dimensions.) 


lost in the cooling water, while 24.1% (remainder) are lost in exhaust and by 
radiation. 

The same high thermal efficiency is also shown when operating with suction. gas. 
As Table 58 shows, the first machine to be operated on this gas showed an indicated 
thermal efficiency of nearly 29%, which includes all losses in producer and scrubber. 
This corresponds to a heat consumption of from 6750 to 7150 B.T.U. per I.H.P. per hour 
for the engine alone, which would, in round numbers, be equal to .55 lb. of anthracite 
per I.H.P., a figure which was afterwards found in actual service (see p. 359). 

In Table 58, “ Total” anthracite consumption includes coal used for starting, 
etc. ‘Net’ consumption indicates the coal actually used per horse-power. The coal 
used (brand Kohlscheid III) contained 85.18% C, 3.49% H, 5.36% ash, 1.97% H20O, and 
had a mean heating value of 14000 B.T.U. per lb. 
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TABLE 58 
RESULTS OF TESTS WITH SUCTION GAS 





Anthracite used per I.H P. Hour, 
= Heat Consumed in 


























Heating Producer per 
Far a Mean _ | Value of | u~ 14000 B.T.U |H,,=14400 B.T.U.| JH P. Hour. 
Approximate Load. R.p.m. Pressure 1eHae Anthra- per lb per lb. 
Ibs. per. erte, 
sq.in. eatin | 

gee Total, Net Total, Net, Total, Net, 
Ibs. | Ibs. Ibs.) Hos! fe. T -, aneiatee 
Nearly maximum.....| °210 108 34.4 | 14000 747 | .637 SOE | .617 | 10450] 8830 











(b) While Tables 57 and 58 show the results referred to the indicated horse- 
power, and therefore give some idea of the progress made by Gildner engines with 
regard to thermal efficiency, the tables following show the results of acceptance tests 
made by independent observers and consequently the information refers more particularly 
to the economic side. 
































TABLE 59 
ANTHRACITE CONSUMPTION OF TWO 30-H.P. GULDNER ENGINES UNDER PARTIAL 
LOADS 
(Determined in the Municipal Lighting Plants of Mosbach and Niederbronn) 
Duration of Test Effici- Average Me- Fuel used per Hour, Fuel used per Hour, 
° ency of Load on chani- including Coal for excluding Coal for 
Test Interruption). Ap- M Dy- Engine. cal. Starting, lbs. per Starting, lbs. per 
prox- ean Effici- 
INO ||saasanl RE to aten| SD mn. a ae PtSi at a ea 
- Load, Bel 7 
Hours. | Min. elt, |B.H.P. | LH.P. bee Ws | BOR. WP) KRW Bee ees 
(o} (0) 
I 9 20 |normal| 220.8) 85.3 | 35.1 | 44.2 .80 | 1.425) .885) .703 | 1.22 | .746 | .602 
II 8 25 2 220):6| 85:0 | 25°59 | 37:4 ihe hereby ALAD) .754 | 1.43 | .897 | .618 
Ill 8 20 4 Z2IGAISS2nOul 2inomlio lend 169) beta WO) |) 84.25 e560 294.5) 0 
IV 8 30 4 221 .9) 78.9) 17.65) 26.4 OF “eZ e9Salial 42 1 8945 (eo Fe ets oOo 
Vv 6 50 4 PASAY) TAO) | MES cas}! P72 [600 |Rdcole|| Leeson 112 2.83 |1.48 .894 
VI a 35 9 222,60) (0R2t Allo Se Sole OO Mm Eos anc on | Iioo 3.36 |1.74 |1.038 









































Maximum horse-power developed continuously by each engine, 45 B.H.P., for short 
periods 50-51 B.H.P. Kind of anthracite used in Tests I, IH, IV, and VI (Nieder- 
bronn): No. III Nut, Portingsiepen, heating value average 13 500 B.T.U. per lb.; kind 
used in Tests III and V (Mosbach), No. 1If Nut, Herstal (Belgium), average heating 
value 13 860 B.T.U. per lb. Efficiency of belt transmission assumed =97% in all cases, 
efficiency of dynamo determined from calibration curves of manufacturer. The fuel 
consumption is not recomputed to the basis of 14 400 B.T.U. coal. 


TABLE 60’ 


VARIATION IN SPEED IN A 30-H.P. GULDNER ENGINE IN THE MUNICIPAL LIGHTING PLANT 
AT NIEDERBRONN UNDER SUDDEN CHANGES OF LOAD 












































Sudden Change of Load. Speed Varied. 
Test | aaa ite Remarks. 
No. from to Lee trom to Ne anes 
K.W. Kee Toad R.p.m. | R.p.m areca 

1 22.59 15.6 | —32.1 220 223 +1.50 | The »peed variation. were observed by, means 

II 13.4 2255 +42.4 225 222 —1.44 of tachometer. 
iil 17.8 8.8 | —42 221 225 +1.68 | Weight of tly-wheel appr. 5500 lbs., diameter 
IV 15.0 0 — 84 221 229 +3.50 | 9.25 ft. Coefficient of regulation at normal 

Vv 0 20.4 | +95 226 221 | —2.48 | load d=eo. 
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Table 59 shows a comparatively slow increase of the fuel consumption per H.P. 
with decreasing load and also proves that uninterrupted continuous operation is possible 
even for the smallest loads. The latter fact, as well known, depends mainly upon the 
effectiveness of the producer end of the installation. 

The rapid accomodation of the gas producers to any calls made upon them in 
combination with the excellent speed regulation of the engine are also well brought out 
in Table 60, the figures for which are also taken from the above mentioned acceptance test. 

(c) The above mentioned Niederbronn plant tested by two Dutch engineers, Van Burkom 
and Huibers, after it had been in operation one year, at the direction of the management of 
the electric station at Scheveningen, gave the following results in everyday operation: 


EPGCUCeMMe MOCO etre: SNe ciate SY aie hele anton alralete Anse 7:15 A.M. 
Hiugine started (rst. IEMITIONS) a7 s \ocgii se gas eke & > ere ores wi bare's 7:25 
dime-vequired to start installation..\. 0.5... faces ee sae. css 10 min. 

AT Pees OMAR TU UES ERG one cta Shek kl c) bactea coal sess & Bueteun Gad clare Ws, oe 7:29 

PAGO mbeser NO MILETTUP GIONS u.'25 ta is con Abi bGrearendle alcs a's 0's 5: PM. 

ATTIC METCLC TELE LOMO si, 8 vere sida a wmeee mapas Se ayaa a es 9 hrs, 31 min. 
Total coal consumed, including that used for starting up, 

NOSIS. Wel BIS OL -CLHO- Grcst iche pane ae ocperhean Green ene ined e rene 244 lbs. 
Power developed, from wattmeter................--2000. 177.2 K.W. hours. 
Anthracite consumed, including coal for starting, etc., per 

CHOC IVER PULOUL ngs on teint d «chemo pet oc iea ies = s 1.375 lbs. 


In order to be able to determine the net coal consumption, the fuel used between 
10:30 a.m. and 5 p.m., together with the electric output, were separately recorded. 
These figures gave the following results: 


NeticoaluscartO a0: To O° 00 25 wit shies aa alae toa pacers o.3 138.5 lbs. 
Hlectrntal output sor same. periods a3. 0. eset s cele wee wc bos 111.3 K.W. hours. 
Hence net coal consumed per effective K.W. hour.......... 1.255 lbs. 

net coal consumed per I.H.F. hour, approximate....  .539 lbs. 


These results include all losses due to belt transmission and dynamo up to the switch- 
board. Coal was anthracite, Langenbralhm mine, Size II, which was used as received. 

The load on the engine during the test was kept as constant as. variations in the 
power demand in the outside lines would allow. Toward the end the load was gradually 
reduced in order to let the producer burn down as far as possible. At times the mean 
effective pressure as per indicator card exceeded 100 lbs. per square inch. 

During the entire 94 hours, the producer was cleaned but once (at 2:30 in the afternoon), 
but the load was not changed, so that no interruption in the regular operation occurred. 

To complete the capacity and economy tests, a few measurements were also taken 
on the speed variations under sudden changes of load. This showed, for instance, that 
with a sudden decrease from about 35 B.H.P. to no load, the speed rose from 212 to 
220 r.p.m, which is less than 4%. 

After the completion of the tests the mixing and inlet valve was taken out for 
examination. The surfaces showed but very light deposits, not enough to interfere in 
any way with operation, although at that time the valve had been in use over fourteen 
days, from 12-14 hours each day. An examination of the cylinder walls and piston 
face also disclosed but slight deposits. According to the records of the station, the 
piston had at no time been taken out of the cylinder for purposes of cleaning, etc., 
since the engine was erected. 

(d) The electric station in Bergzabern, Pfalz, until 1904 operated by steam, in that 
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year installed a 30-H.P. Gildner suction gas plant. The comparative statement of the 
fuel cost for the two systems is of interest. 

















TABLE 61 
FUEL COST: OF STEAM PLANT AND SUCTION GAS PLANT IN MUNICIPAL STATION AT 
BERGZABERN 
Suction Gas Plant. Steam Plant. 
No. Fuel Consumption and Fuel Costs. Z - 
Total. Net. Total. Net. 
1 Coaliconsumptionsper Be EGE hours lbsiy.. eater .848 .720 | 6.92 | 6.47 
2 Coal consumption per Kilowatt hour, lbs....................4- 1.475: |. 1-260. | 12°60) | -11 270 
3 Costiot coalgpern BER Pe ahour,.cents!.cemei ne seer erie .315 . 266 1.32 1.22 
4 Cost‘ of coal perGlowatt hour icentse.. aera ee ee eee .512 467 239i ae20 




















The figures for the gas plant were determined by direct measurement, the figures 
for the steam plant were computed from the average as shown by older operating 
records of the plant. The difference between total and net consumption, that is, 
between the consumption with and without starting losses, amounted to approximately 
15% in the gas plant and 9.3% in the steam engine. At the place of consumption the 
anthracite used cost $7.35 per ton, and steam coal $3.72 pcr ton. 

The ratio between the fuel costs in this case is approximately 4.5 to 1 in favor of 
the gas plant. In the electric stations at Mosbach and Niederbronn, which formerly 
also operated with steam engines, the ratio is about the same (8 or 4 to 1). It must 
of course be admitted that the suction gas plant cannot show any such saving when it 
comes to compete with up-to-date and fully loaded steam plants, but even in such 
cases the economic superiority of gas over steam is certain. As far as the older 
steam plants are concerned, there is little doubt that the substitution of suction gas 
installations for steam is about the only successful means of making the operation pay. 
The above examples from practice certainly show that. 

The economy figures just quoted are all the more remarkable owing to the fact 
that they were obtained with comparatively low compression pressures. While most 
suction-gas engines operate with compression from 180 to 225 lbs.,! some going even 
higher than that, the Giildner engine at normal load compresses to 135 lbs., and only 
compresses to from 165 -to 180 lbs. when working at maximum load with a charge 

a larger than normal. The indicator diagrams, Figs. 






40 524 and 525, bring out this point, and also show 
the unusually large overload capacity ofthe engine. 
30 The mean effective pressure for maximum load ex- 
pj ~ 128 lbs. per sq.in. ceeds 130 lbs. per square inch. In order to get a 
20 
p= 70 lbs. per sq.in. Pond 
70 ; P;=16.5 lbs. per sq-in. 
9 Sonia oie 
Fig. 524.—Diagrams obtained at Max. Load Fig. 525.—No Load Diagram, smallest Degree of Com- 
and near Normal Load. pression (driving only belt and counter-shaft.) 


basis of comparison, it may be stated that in the ordinary suction-gas engine, the mean 
effective pressure is usually from 75 to 90 Ibs. per square inch (see Fig. 485), and that 
only the Diesel oil engine shows anywhere near the maximum mean effective pressure 
indicated in Fig. 524. (In modern steam engines, at normal load, the mean effective 


1 TrRansLATOR’s Notre. These figures seem high for American practice. 
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pressure varies from 30 to 40 lbs., which is approximately } of that shown by internal- 
combustion engines. On this basis the Giildner engine, in spite of the 4-cycle opera- 
tion, is about on a yar with the ordinary double-acting steam engine as far as specific 
capacity is concerned.) 


7. Motorenfabrik Oberursel A. G., in Oberursel. 
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Fies. 526 and 527.—‘‘Gnom”’ Alcohol Engine. 


Inlet valvea is automatic, ahead of this valve is placed atomizer b with overflow b’. 
At the same time that the main quantity of air is drawn through the pre-heater c, an 
auxiliary quantity is furnished through the atomizing valve. Secondary shaft d is used 
to operate alcohol pump e, magneto f, and make-and-break mechanism g for the 
igniter h. Exhaust valve 7 is controlled by the combined gear a’ and a’. Shaft 
governor. k, by means of the rod / and the latch m, holds open the exhaust valve 
when the speed of the engine exceeds certain limits. The shift link n is used to 
reduce compression at starting. 
































TABLE 62 
DIMENSIONS AND WEIGHTS OF “GNOM” ENGINES 
ING ane Heese il 2, 3 4 5 6 8 10 14 15 20 25 
RED AMO. seas tedeys oes 400 360 350 300 300 290 280 270 2(}0 250 250 180 
Bengpht scene LGeH eo RS OMIMOBOCMIPAOn olla letcto. |sOntOulmOndicin Oo ao4aee 422724 OD? 5.58 
Wild three. cn: LEC OM Me 04 Stet onla4 OOM OnaonliOoeOl IG. Odie Ono ulin <Oor | & x20 Got 
eightie cnet: {holes oetouonOl Meo O4uIN4a. 2 aloe ae eo OOl"oros I G08 |) 6208 | 7.23 Gag 
Net weight . . . lbs. 925 | 1515 | 1700 | 2240 | 2310 | 3380 | 4400 | 4980 | 6150 | 7250 | 8340 |:10550 
Total weight. : lbs. | 1320 | 1925 | 2200 | 2840 | 2990 | 4180 | 5280 | 5820 | 7250 | 8460 | 9450 | 11450 



































* Parallel to shaft. 
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The engine is sold under the trade name of “‘Gnom.” It may be arranged to 
operate also on kerosene or on illuminating gas by substituting proper mixing arrange- 
ments for the atomizer. The original designer of this machine is Hugo Seck, Sr., who 
apparently has borrowed the idea of the enclosed crank case and splash lubrication 
from American steam-engine practice. 

8. Vereit. Maschinenfabrik Augsburg und Maschinenbau-Ges. Niirnberg A.-G., 
Werk Augsburg. (See Plates XXVI to XXVIII.) 

This firm is the leading and by far the most important manufacturer of Diesel 
engines. In place of the first model, which had a cross-head, the type at present 
built operates without a cross-head (Fig. 528 and Plate XXVI) and being cheaper, finds 
a readier sale. Other licensed firms, 
however, notably the Maschinen- 
fabrik L. A. Riedinger in Augsburg, 
retain the cross-head construction, 
which undoubtedly gives a more 
satisfactory machine. 

In Plate XXVI, a is the inlet, 
b the exhaust, c the fuel injection, 
and d the starting valve, all operated 
by cams fixed on the lay shaft. 
The levers of the last, two valves 
are fastened to an eccentric sleeve. 
By turning the latter through 96°, 
the two levers mentioned are shifted 
from the starting position (in which 
the fuel injection valve is out of 
commission) to the normal operating 
position (see left figure in Plate 
XXYVI). The starting of the engine is 
now done by operating on the 4- instead 
of the 2-cycle principle. The high 
pressure air is obtained in two stages, 
pump é through valve d taking a small 
quantity of air, preliminarily com- 

pressed, from the main cylinder near 

Big Das vie poll Dice pene. the end of the compression stroke 

(Rated B.H.P.=8 at 270 r.p.m.) OTD a) 

compressing it from about 150 to 650 

cr 700 Ibs. per square inch, and storing it in the starting or injection tanks. Oil 

pump f, whose suction valve is controlled by the governor, forces a quantity cf oil in 

direct proportion to the load into the nozzle of the injection valve c. Piston and 
wrist-pin lubrication is taken care of by the small pump g with its oil reservoir 9’. 

The operation cf the engine is readily understood. During the first down stroke 
the cylinder is filled with air through the inlet valve a. This air is next compressed 
to about 480 lbs., during which it is heated to from 1000 to 1100° F. Shortly before 
the piston reaches the upper dead center, the fuel-injection valve c opens, and the oil 
which has been furnished by the oil pump f, is injected in a fine spray into the highly 
heated’ charge of air in the cylinder by means of high pressure air obtained as above 
described. The oil burns as it enters the cylinder, being ignited by the highly heated 
air which it meets. The expansion caused by the heat thus developed forces. the power 
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piston downward on the third stroke of the cycle, the pressure remaining approxi- 
mately constant until after about } stroke at normal load the fuel valve c closes. 
The gases then expand behind the piston to the end of the stroke. During the next 
and last stroke of the cycle the burned gases are expelled through valve b and the 
engine is then ready for the next charge. It therefore operates on the 4-cycle principle. 

In the smaller commercial machines, Fig. 528, the small air pump is attached to 
the side of the base plate at the height of the crank-shaft, and is directly driven from 


the end of this shaft. The small oil pump and the governor belonging to these 
machines are shown in Fig. 405, p. 267. 


TABLE 63 


DIMENSIONS AND WEIGHTS OF DIESEL ENGINES MADE BY THE MASCHINENFABRIK 
AUGSBURG : 





SINGLE-CYLINDER ENGINES. 
















































































INP AN aii 8 Were or cia ocr OOO ns 4 6 8 10 12 15 20 25 30 35 40 50 60 70 
12 OB 16 BA Ee Rem PSEC co ae 290 | 280 | 270 | 255 | 250 1 235 215 205 195 190 180 170 165 160 
| = 

Dimensions over all: 

Aeross shalt, fac. 5 ese so ft.) 4.27| 4.93) 5.25) 5.90) 6.56) 7.22) 7.55.) 8.20 |-8.53 .85 | 9.50 | 9.85 | 10.15} 10.50 

Parallel to shaft ........ ft.| 3.28) 3.94) 3.94) 4.59) 4.59) 6.56] 7.05 | 7.37'| 7.87 | 8,53 | 9.18 | 9.85 | 10.50] 11.15 

Height above floor...... ft.| 4.58} 5.57) 5.57) 6.56) 6.56) 7.22) 7.87 | 8.53 | 8.85 | 9.50 /10°15.J10.80 | 11.50] 12.45 
Head room required, with ref- 

erence to dismounting. ft.| 8.53| 9.17} 9.17) 9.50] 9.5012.15/13.10 |13.80 |14.10 |14.45 |15.10 116.10 | 17.05) 18.05 
Depth of foundation...... ft. 3.28) 3.28) 3.94) 4,58) 5.23) 5.90) 6.23. | (61.56) 1.6).88)) 7221. | 7/53 |..7.86 $.20|° $.53 
Diameter of fly-wheel..... ft.| 4.27) 4.92) 5.23) 5.90) 6.56) 7.21) 7.53 | 8.20 | 8.52 | 8.85. |.9.50 | 9.85 |,10.15] 10.50 
INGt Welgbt ics mele cn lbs.} 1980] 2640} 3190) 3850) 4520) 7140) 9680. | 11900} 14300} 16900} 19600] 24200] 29700] 35200 
PT OPAL WOlSDE, cas <het~tovel siete lbs.| 2420) 3190} 3740) 4620) 5280) 8580) 11450) 14300] 17200} 20200} 23300] 28600): 35200] 41800 
id “Sud 
SN ape etal TWIN-CYLINDER ENGINES. 

INS, leis I Re wom a mene bred Stic 80 100 30 40 50 60 70 80 100 120 140 160 200 
1a oon reveea Ae oihono Dine Se-beoalbe 160 160 235 215 205 195 190 180 170 165 160 160 160 
Dimensions over all: 

IN CLOSE SHBED | ys) eceve cowie cle ft.) 11.15) °11.50)| 7.21 | 7.54 | 8.21 |, 8.53 | 8:85 | 9.50 | 9.85.) 10.15] 10.50] 11.15) 11.50 

Parallel to shaft........ ft.| 11,80} 12.45]| 9.20 | 9.85 |10.80 |11.15 |11.80 {12.45 [13.10 | 14.10] 15.10] 15.70} 16.40 

Height above floor...... ft.) 13.45) 14.45]| 7.20 | 7.86 | 8.53 | 8.85 | 9.50 |10.15 {10.80 | 11.50] 12.45) 13.45] 14.45 
Head room required, with ref- 

erence to dismounting . ft.| 19.70] 21.35||12.45 113.10 113.80 |14.10 |14.45 |15.10 |16.05 | 17.05] 18.05] 19.70] 21.35 

Depth of foundation...... ft.| 8.85] 9.20]| 5.91 | 6.23 | 6.56 | 6.87 ieekat vos | 86 8.20} 8.52) 8.35) 9.17 
Diameter of fly-wheel..... ft.) 11.15] 11.50]| 7.21 | 7.53 | 8.20 | 8.53 | 8.85 | 9.50 | 9.85 | 10.15] 10.80] 11.15} 11.50 
Neti wenght 60. cinislsi nutes « lbs.| 40700} 50600}} 12800) 16900) 21100) 25500) 30100! 35200; 44000} 54800] 63800} 72600] 91300 
Mortal Werght, wcleisie sie cs)e 0 Ibs.| 47200] 59400}|| 15400) 20200} 25300| 30800| 35800) 41800} 51600) 63800] 74800} 84600| 105500 









































Operating Results with the Diesel engines made by the Maschinenfabrik Augsburg. 
(a) Tests made by Prof. E. Meyer, in September, 1900, on a 30-H.P. motor of the 
older type (with cross-head) but compressing the injection air in two stages, as in later 
types: Principal dimensions of the working cylinder, D=11.8”, S=18.25”; of the air 
pump, D=1.97", S=3.15’’; ratio of compression, ¢<=16.3. The first six tests recorded 
in Table 64 were made with American kerosene, 7=.796 at 64.4° F., the last four with 
Tegernseer crude oil, 7=.789 at €8.4° F. 
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TABLE 64 

| Rig ON Dt aN ER cy SINS cio a tae acre 177.4 | 181.1] 182.6] 184.0] 183.3] 185.8 || 181.6 | 181.2] 181.8} 185.0 
Brake horse-power.............. 38.90 |29.8 |30.0 (23.45 |15.05 | 8.41 |/29.8 [29.75 |23.18 |15.18 
Mean effective pressure in power. . 

cylinder, lbs. per sq.in......... 106.0 |85.4 |85.4 70.3 |53.2 |87.9 ||85.7 |88.2 |71.0 |55.9 
Mean indicated friction resistance, 

Dra llOS:= PCT -SG.EN eas ore scr 19.25 (20.0) +120).0) 119.585" 1207.7 7 4/20-0 
Indicated horse-power *......... 47.50 |38.90 |39.20 )32.60 |24.70 |17.75 ||389.20 |40.30 |32.55 |26.00 
Mechanical efficiency, ........ Fo - Sl Oo 66S ORS 1/7 Ome Ol Ores Os Om alin oare ili Qaeh oes 
Oil used per I.H.P. hour.. . .lbs. .402| .348) .346} 1348) .350) .366 {301 22300], 802) aeoom: 
Oil used per B.H.P. hour... .lbs. .482| 1.457) .454| .483) .576| = .764 .469)  .475| .496) .575 





* Without deduction for air pump horse-power, but less an allowance equivalent to 1.4 lbs. per sq.in. for 
suction and exhaust resistances. 


Assuming that the heating value of the oil is H,=18550 B.T.U. per lb., the above 
figures show the indicated thermal efficiency at full load to be 7:=approximately 39% 
and the economic efficiency 7»=approximately 30%. 

(b) Following tests (a), Prof. Meyer also determined the fuel consumption of a 
Diesel engine of the older type, which had been in operation in a textile mill since the 
beginning cf 1899. The engine was of the two-cylinder type, 60 B.H.P., with cross-head 
and single-stage air pump. It received no special preparation for the test. The oil 
consumption amounted to .407 lb. per I.H.P. hour at 68.3 IL.H.P. (after subtracting 
pump work). The oil used was Tegernseer crude (7=.8125 at 62.6° F.). Estimating 
the mechanical efficiency at ym=69.5%, this means a consumption of .513 lb. of oil 
per B.H.P. hour and an economic efficiency of approximately 26%. 

(c) The thermal efficiency of the newer design of Diesel engine, without cross-head, 
is shown by a series of tests made by Prof. E. Meyer in June, 1902, on two engines of 
70 and 8 B.H.P. respectively. The details of the 70 B.H.P. engine are shown in Plate 
XXVI, those of the 8 B.H.P. machine in Fig. 528. Table 65 contains the important. 
results of the tests. The engine dimensions were: 


e: Power cyl. D=15.75”, S=23.60", ¢=15.4 
NiO B.ELP. { Pump cyl. D= 2.21”, S= 5.47”, Air pressure at beg. =120-150 lbs. 
ek, Power cyl. D= 6.48”, S=10.70", e=? 
Nn= 8 B.ELP. Pump cyl. D=_ .59”, S= 1.97’, Air pressure at beg. =120-150 Ibs. 


The fuel used for the first five tests on the large engine was Russian kerosene 
(y =.806 at 65.5° ), for the rest of the trials the fuel was a paraffin oil of dirty-brown 
color (y=.893 at 59°). The small engine was tested only with the Russian kerosene. 

The heating value of the kerosene was afterward determined with great accuracy at 
18 550 B.T.U. per pound, consequently for the tests showing the best oil consumption 
in the table the thermal efficiencies figure out as follows: 


70 B.H.P. Engine. 8 B.H.P. Engine. 
Indieated. thermal ‘efficiency; 770 eee en ak .402 353 
BHeonamicteiiiciency jm ciwaatan e. Wilaetee eee erento .326 . 280 


Both of these engines obtained their air for injection purposes by preliminary 
compression in the main cylinder, as above explained. The scheme has certain disad- 
vantages, for which reason several of the licensed firms have already abandoned its use. 
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TABLE 65 
70 B.H.P. ENGINE. 

Revolutions per minute......./157.9 {158.8 |158.7 {159.8 |160.5 |/157.8 |159.0 |159.3 |159.9 
Bab Peri nec genio ene dere cit 85.3 | 68.6 | 68.55 | 52.2 | 34.40 || 85.25 | 68.70 | 68.85 | 52.25 

- Mean effective pressure power 
cylinder, lbs. per sq.in....... 116.50 | 96.20 | 96.50 | 79.00 | 57.60 ||122.00 |101.00 |101.80 | 82.80 
MotalalsHsPiy prsciity ssh sapere LO (pOmMINCOn ee eSOnS moe Deen os Oma. 3 1 O41 OSHOMM: (dio) 

Mean effective pressure, air 
pump, lbs. per sq.in......... 304.00 |277.00 |274.00 |295.50 (226.75 ||288.00 |309.50 )315.00 |316.50 


Indicated pump H.P. (esti- 


mated for the small/engine)..| 2.53 | 2.32 | 2.291 2.48 | 1.93 2.40 |} 2.60) 2.67 | 2.68 
INetaIP ED eae martes Tt ctiere. LODE ee OORO malo len eM Onnmo2za0 =a TOSCO Ole 5. i O2e3mne 74 9 
Mechanical efficiency. ...... Tesi ese cok rS.9) dO) 166.2 UCT Ni UCP | ES. | eOW 


? é | @ 
Oil used per I1.H.P. hour... lbs. .342 .339 .339 .328 .331]| 361 .339| 344 .335 
Oil used per B.H.P. hour... lbs. .420 .430 .432 .450 .500 .467 455 .460 .479 
Cooling water per hour (inlet 


temp; —ollS>) E>) Piaece nels) = — 1275 1945 925 308 2240 1540 1495 1715 
Temperature of cooling water, | 
outlet tac. eek be oe tem °F. {152 162-178)155-158) 158-170 160-173) | 171—158|165-168) 155-175 171-175 











Exhaust temp. (measured in 
pipe just beyond valve) ° F. ..874 637-660|644-660|635-637 462-457) 787-792|652-682 627-719 610-627 















































8 B.H.P. EncIneE. 
| 

‘Revolumons: perpminubeswism. caer tam ate eke ce hae on 7 267.1 |278.4 1270.3 (274.7 |276.3 |284 
TEI BI 2s 6 a5 Aah, 25 cee teky ata ovonelis car ates tert Ar eeeme dea 7 ene CLOUT = Some se49) 6.13 || (4.608) 20 
Mean effective pressure power cylinder, lbs. persq.in... ../107.50 | 92.80 | 94.30 | 75.15 | 61.60 | 26.95 
A eUE nS (0 i EDM S Ss ORS 6 Sst 8. els a ea L276 oon oe le 9.201) Zepoul 3:40 
Mean effective pressure, air pump, lbs. per sq.in.......... — = — = — — 
Indicated: pump H.Pa(estimated)). 5.0... eee ee ate 30 30 .30 | .30 25 .20 
ING (elec whee pcm itionrs hohmnet sts ayaurna ea I2FAG Nei 20M il O29) 8.. 909) 297-3808) 3.20 
Mechanieal efirciencynn ernst at eects eis atte earn os os % 79.4 | 78.1 die O) 12 69 20 63.2 — 
Oilkusedtper Wnty Peho tir wer ine teara's eatele ie wi) sista Meier lbs. 389 .397 .384, 344 «ROG = 
Oiltusediper BAHV ew boucmiwises a. se eee ose ye Ibs. 489 507 .495) .522 .581; — 
Cooling water per hour (inlet temp. =51.8° F.). ......lbs. /216 297 —- |} — —- | — 
Temperature of cooling water, outlet.............. °F. |167 145 = ee 
Exhaust temp. (measured in pipe just beyond valve ).° F. — = ss — | =— 




















(d) Worthy of attention, also, are a series of tachometer measurements which the 
Maschinenfabrik Augsburg itself has made on an 80-H.P. two-cylinder engine, having 
cross-head and single-stage air pump. The dimensions of the engine were: D=11.80”, 
stroke =18.10”, n=190 r.p.m. It was direct connected to a dynamo and had two 
fly-wheels, the weight of each of which was 5720 lbs., with an effective radius of 
3.68 ft. The computed coefficient of regulation at full load was 1% (0=.01). The 
governor was adjusted to regulate to within 4%. The measurements were taken with a 
Horn tachograph, the diagram showing the following results: 

At the normal load the tachograph indicated a value of 0=js5 when one wheel was 
in use, and a value of d=, when both wheels were in place. Both values, however, 
are larger than the value of 0 computed on the basis of fly-wheel weight. This is 
probably due to inaccuracies in the tachograph diagrams, owing to inertia effects in the 
moving parts of the instrument itself. The voltmeter for all changes of load, whether 


one or both wheels were used, did not show a variation of more than 4 volt. A 
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25 candle-power incandescent lamp showed a slightly unsteady light when the engine 
was running at about normal load with one wheel; the light, however, was absolutely 
steady when two wheels were employed. 


TABLE 66 
SPEED VARIATION IN AN 80-H.P. DIESEL ENGINE 















































Onuty ONE WHEEL IN USE. Boru WHEELS IN USE. 
Sudden Ch f Load Sudden Ch f Load 
ease as Sts: Per Cent of Tee anes i ae a ote Per Cent of Bees. 
from K.W. OW Oe OP | Pen Cont NN gh crea fo ew. |e Oe Per Cent, 
24 .2 42.9 +48 .0 —2.2 41.7 23.8 —46.0 +1.73 
43 .2 24.2 —48.8 +2 .25 24.0 16.75 —18.6 + 51 
24.2 16.9 —18.7 +1.0 LGR 8.35 —21.5 + .60 
16.9 8.14 —22.5 +1.15 16.5 Pp eth +18.5 — .75 
8.14 24.2 +41 .2 —2.0 ans 42.2 +47.5 —2.0 
24.2 43.2 +48 .8 —2.4 42.2 1Gro —66.1 +2.4 
43 :2 16.9 —67.5 +2.95 16.5 41.8 +64.9 —2.1 
41.8 7.9 — 87.0 +3.75 
TABLE 67 


FUEL CONSUMPTION OF DIESEL ENGINES PER B.H.P. HOUR, HEATING VALUE OF THE, 
OIL ASSUMED 18000 B.T.U. PER POUND 


(Guarantee figures furnished by the Maschinenfabrik Augsburg, reserving a permissible fluctuation of 10%.) 


























Single-cylinder engine............. HBP h ees 10 12 15 20a eeeb. 30 35 
Two-cylindemengine tester. aos tdek =| 4 4) ie a 30 40 50 60 70 
Ibs. $17 | <507.| 4485 | .473 | 462 | .482 | 440° |) ano 

From normal to fulllbad.. .... \B.T.U| 9300 9120 | 8730 | 8520 | 8300 | 8120 | 7920 | 7750 
a aes Ibs. 538 |. 1528 | .507 | .495 | .485 | .473 | .462 | 452 
ree-quarter load ........... \B.T.U. 9700 | 9500 | 9120 | 8920 | 8730 8520 | 8300 | 8120 
Ibs. 627 | ,616 | .504 | .573-| .560 | .550 | 538 Niisos 

One-half load. ............+., B.T.U.| 11250 | 11080 | 10690 | 10300 | 10080 9900 | 9700 | 9500 
Ibs. 858" |: 825. ..7921..770°|- 737 |. 787) is eens 

One-quarter load ............. B.T.U. 15400 14830 | 14250 | 13850 | 13250 13050 | 12880 | 12690 



































Single-cylindbrengime. aves cin ss .ccee @ o o ots EP} 6.40 50 60 70 80 100 125 
Ahwo-Cylinderen eines. merry remins.< isiee sis yar o H.P. 80 100 120 140-160 200 250 
2 Ror on { Ibs. 430 | .430 | .418 | .407 | .407 | .407 | .407 
iceagarensatessor ° * yy opef eer a aa \B.T.U.| 7750 | 7750 | 7530 | 7320 | 7320 | 7320 | 7320 
{ Ibs. 452 | .452 | .440 | .430 | .430 | .430 | .430 

Three-quarter load <0 .- +. sese-+- 04. \B.T.U.| 8120 | 8120 | 7920 , 7750 | 7750 | 7750 | 7750 
f lbs. 517 | .517 | .507 | .495 | .495 | .495 | .495 

One-half load). nyse sire sues eee e (B.T.U.| 9300 | 9300 | 9120 | 8920 | 8920 | 8920 | 8920 
f Ibs. 694 | .683 | .672 | .660 | .660 | .660 | .660 

Gne-quarter load joi. ose nomen e sos \ B.T.U.| 12500 | 12300 | 12080 | 11880 | 11880 | 11880 | 11880 
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III. Other Types of Foreign Gas Engines 


1. Langen & Wolf in Wien (Vienna). This firm is the Austrian licensee of the 
Gasmotoren-Fabrik Deutz, but has in the past few years brought out a construction 
of its own, the design of H. Ebbs, one of the partners of the firm. An external view 
of this machine is shown in Fig. 529. 

The engine has a pleasing appearance. The construction is especially distinguished 
by the two distance pieces, before the first cylinder and between the cylinders, and the 








Fia. 529.—General View of a 300 H.P Double-acting Tandem Engine, Langen & Wolf, Vienna. 


method of tying together frame, cylinders, and distance pieces by four continuous 
tie-rods or bclts. The latter are intended to insure central alignment of the 
various parts and to relieve the cast-iron distance pieces of tensile stresses as far as 
possible. 

Further details of construction are given by the cross-section, Fig. 530, p. 368. 
The back cylinder cover is easily dismounted and is made of such diameter that the 
piston may be taken out at that end without trouble. The jacket wall is cast in one 
piece with the cylinder, and in this connection the division of the wall at the middle 
plane a for the purpose of relieving temperature stresses is worthy of attention. The 
engine is intended to operate on producer gas, but to make possible the use of 
illuminating gas, where the latter may be used as a reserve or as the starting 
medium, the inlet valve housings are supplied with suitable connecting flanges for 
this purpose. For information regarding valve gear and regulations, see Fig. 277, 
p. 209. 

2. Société anon. John Cockerill in Seraing. (See also Plates XXIX and XXX.) 
The engines built by this company all operate on the ordinary 4-cycle principle, 
and therefore need no very extended description. The various types at present 
brought out are well illustrated in the following figures and plates. (Of special 
interest is the new valve gear employing eccentrics, for details of which see Figs. 
278-282.) 
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Operating Results... («) Tests made Witz and Hubert, 1898, on one of the older 
200-H.P. simplex engines built by the Cockerill Co. for blast-furnace gas. The cylinder 
diameter was 31.5”, the stroke 39.3’. The test lasted twenty-four hours: 


Aenean en eet et Rena Nears cotarelt niece: Gee yeNG Alina 105.2 
Ee OSLO Se DCT IAIDUNG tars scale. mala nta irae ate canes 4 Sie od 47.6 
eels eee Peer eaten, eto ht Sova ane Ae ay ak ate de 179.00 
Melee err Loner EAU C aay nica eee ate n ara ithe c casctl ele daayatat 212.00 
IMeCIAINea NOI CIONICY stack: Sites cae Sittings oe <4 SMe nee. 85% 
CES IYAVEE Yes 1 Ol Sa 6B ee a a LEO. T “eu.it. 
Pishermeatiag Vale Ol SAS. o...6 ins ape eee tele: bO“.B.T Us 
Water used in the washers, per cu.ft of gas. .......... 19.8 lbs. 
Pere Le PP ROUL tet tye aes 67.0 lbs. 
Coolineewavem@enres.ckok  INOUT. .evccsset nis S wipaee de woe atacs 93.3 Ibs. 
Temperature cooling water, inlet.................... 62.8° F. 
QULCLOE efoto spate ons cd 93..6° B. 
Total water consumption per B.H.P. hour............ 160.3 Ibs. 
Grdncerzouper Sab. Py MOUS. ins chara heel orden .ceds .033 Ib. 
Grease 1ormwcarn es per Bal. Py hour cc..tan cmt. .0042 lb. 


The compression was 107 lbs. per sq.in., the mean effective pressure 52.5 lbs. per sq.in. 
Gas consumption and heating value are referred to 46.4° F. and 760 mm. Hg. 














Fig. 531.—End View, Cockerill Engine. (Belongs to Plate XXIX.) 


1TranstaTor’s Norr. The tests quoted under (a) and (b) are given in the historical part. of 
Giildner’s Handbook, not translated in this volume. They are quoted here to show the results 
attained with the early Simplex engines, designed by Delamare-Deboutteville, and built by the 
Cockerill Co. 


370 CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 


(b) Tests made by Hubert early in 1900, cn a single-acting 600-H.P. simplex 
blast-furnace gas engine built by the Cockerill Co. Cylinder diameter 51.2”, stroke 55’: 


Test I. Encine wirHout BLowine CyLinpsER (6 hours) 


RED AIM iene eine cP pre avait ee suey otal Se eae ee ae a A 94.57 
Explosions per: minute’... holy 2 2 aes eee eee ee ee 41.90 
TEP ees ees et nk PR ie Se ee 775.0 
Be Poke vtidie.o wists. eh wie Wee ee he ene ee en eee 567.0 
Mechanical.elicieneys (9% ca. teats eee eR ee ee 73.14 
Gas used. per B. H.R. how cu tts cic eee 3 ee were ees 124.8 
Heating value’ of eas,“B. TU pericu.tto.-. aya oe ee oe 110.5 
Lempeérature.ofieas at. cylinder F\c.....a newer ae Ae 48.2 
Temperature-of exhaust, case ols. \ a0 ecu eter ee aise 948 .0 
Cooling water used per B.H.P. hour: In cylinder jacket, Ibs. .. 126.50 
Dynes bon sO ase cos ken: 28 . 30 
Total cooling water: pet:B: EL Bs hour sacs ee erence ahr. 154.80 
Temperature cooling water, imlety "NS: iat eset ee 46.15 
ONItIEt AC sk se Pee ron ara 91.70 


Trsts II anp III. Buiowine CyLinpER IN OPERATION. (Each test 2 hours) 


Uk IIl. 
LIM 00 1d CE RNR ABS MER RE Leys seater he we a cS tKS. 5 83.92 93.02 
BM Bt ee col ct 11 eae rar ere by “esha comieh cere 4 82 736 . 00 873.00 
IHR, blowing cylinder. acm cic tan eee 555.0 715.00 
Totalmechanieal efficiency 40a. 9-0 eee eee 10.80 81.81 
Gas consumption per B.H.P. hour, cu.ft......... 112.0 101.8 
Heating value of gas, av. B.T.U. per cu.ft........ i Ry EW 
Gas temperature at-cylinder,°F.. .........0..5. 46.75 49.80 
Temperature of exhaustigasp °F. «25,224... cet. +s 912 1017 
Cooling water per B.H.P. hour: Cyl. jacket, Ibs... 115.5 89.3 
Pistom, lose nce ce: 29.9 22.7 
Totalelloswawes a5 ol 4.4. 11220 
Temperature increase of cooling water, °F....... 82.10 87.60 


The average heat balance was as follows: 28% transformed into work, 52% lost in 
cooling water, and 20% lost in exhaust and by radiation. The compression pressure 
was 135 lbs. per square inch, the mean effective pressure 67.4 lbs. per square inch, the 
explosion pressure from, 248 to 284 lbs. The heating values cf the gas above given is 
referred to 46.4° F. and 760 mm. Hg., and was determined by Witz in a bomb calorim- 
eter. Tests with Junker’s calorimeter gave only 88, 102.5, and 100 B.T.U. per cubic 
foot, that is, approximately 10% less. 

(c) In addition to the above the following table shows a series cf results cbtained 
by Prof. Hubert in 1901 on tests cf a 200-H.P. Cockerill engine: 4 


PRINCIPAL DIMENSIONS 


Cylinder diameter ...... GO Oo ne OOPONC. Sha rink ator: 39.40” 
Notuaalur ais. od cre ike Ost Ae a RB cca 100 
Diameter’ of fly-~wheel, feet... fat a een a soe seek 13.10 
Peripheral velocity of wheel ft. per sec....:............5.. 69.0 
Weightot wheel, lls. ss sn icce Ses ee a eco ie eres ee 23000 
Fly-wheel weight per H.P. approximate, lbs............... 165.0 





1The original report published in the Revue univ. des mines, etc., 1902, p. 273, contains numerous 
diagrams and tachographs. 
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TABLE 68 
Me- hee ety an ee ae pee Eco- | Heat in | LemPer- 
Test | toad. |R reeoaltpta p Ce BEGae va Ther- nomic | Cooling ature of 
NG oad. ploy cay a Wed 8 Fal Se Sale Oa c- I pry! | mal | Effici- | Woter | Exhaust 
ency, 1.H.P. | B.H.P.} I.H.P. | B.H.P.| Effici- | ency, Gea Gas, 
%. as Hour, | Hour, | Hour, | Hour, | ency, %. 70: Deg. F. 
she cu.ft. én. fi: | BLU: (Ber U,. %. 
1 |noload|101.35) 45.5 0 fee ee OSR9 24-25 at O00) meme OFA ee alo. 915 
Z 4 103.20} 90.0 | 63.0 | 70.2 | 116.0) 174.5] 247.0] 20900] 28620} 12.6 8.97) 2251 955 
3 4 98 .56}/152.5 [121.9 | 80.0 | 118.2) 115.5} 144.5] 13640] 17050] 18.6 | 14.9 | 29.4 985 
4 ra 98 .90/208.5 (173.0 | 82.9 | 113.0) 97.3] 117.2] 11000] 13250] 23.2 | 19.1 | 26.7 1042 
Dee cull 98 .60/224.0 |196.9 | 87.6 | 113.8} 115.0} 131.3] 13100] 14950} 19.5 | 17.0 | 30.2 1192 
6 full 98 .60/242.5 |218.0 | 90.0 | 137.2) 108.7} 120.8] 12440] 13750) 20.5 | 18.5 | 30.0 1164 
7 jnoload/105.90| 46.8 0 — 110.2) 244.5; — 27000) — 9.4 — 47.4 916 
8 4 106 .35}106.2 | 56.5 | 53.3 | 101.7} 141.2! 265.0] 14320] 26900] 17.8 (ghetay {faecal 962 
9 % §100-621150.5 1110.8 | 73:8 96.2) 107.5) 146.0! 10230] 13950} 24.8 | 18.2 | 44.0 995 
10 2 100 .37|206.0 |167.8 | 81.5 98.9} 107.5} 131.9} 10980) 13080) 23.2 | 19.3 | 31.3 1037 
ial full 98 .18/233.0 |209.0 ; 90.0 | 109.5) 106.5) 119.0) 11670] 12980) 21.9 | 19.6 | 30.9 1092 
12 |noload/101.37| 57.0 0 == 103.8) 270.0) — 28000) — 9.1 — 26.3 785 
13 4 |101.33/100.3 | 53.7 | 53.6 | 100.8] 179.5] 334.0} 18050] 33700] 14.1 7.6 | 2823 924 
14 4 100 .90)149.5 |111.0 | 74.5 | 101.1] 136.0} 182.0) 13900] 17630] 18.4 | 14.5 | 26.0 970 
15 3 100 .00|202.3 |167.0 | 82.8 96.4] 114.0} 137.1} 11200] 13300] 23.1 | 19.1 | 27.7 1029 
16 full 99 .64|238.0 |212.0 | 89.2 | 108.9} 110.2) 124.0} 12100] 13440} 21.3 | 18.9 | 23.3 1092 
17 | full 99 .74/244.0 |212.3 | 87.2 | 104.1] 106.5) 122.2) 11100] 12720] 23.0 | 20.0 | 24.2 1107 

















For tests Nos. 1 to 11 the engine was regulated by means of a pneumatic governor; 
for the last six tests an ordinary centrifugal governor was used to control the speed. 
With either governor the speed variation under sudden increase or decrease of load 
varying between normal load and no load was from 4 to 7%, the total speed variation 
between these two limits of load being on the average 10%. Within one 4-stroke 
cycle, the angular velocity at normal loads varied from 3 to 4%, at the maximum 
load from 5 to 6%. The average compression and explosion pressures were respect- 
ively: At 4 load, 55.5 and 105 lbs. per square inch; at 4 load, 61.2 and 156 lbs. per 
square inch; at ? load, 119 and 191 lbs. per square inch; and at maximum load, 153.5 
and 239 lbs. per square inch. i 

3. Compagnie “‘Duplex”’ pour la fabrication des moteurs a gas in Paris. 
One of the first French engine builders to use the double-acting 4-cycle engine for large 
capacities was Niel, the designer of the ‘“‘ Duplex’ engine. The machine does not offer 
much of anything new regarding construction, but employs a method of charging which 
is quite different from that used in other engines. The charge is drawn in on one side 
of the piston and is distributed between the two cylinder ends, so that each end works 
with only about one-half full charge for the purpose of obtaining complete expansion. 

As shown in Figs. 535-536,! each cylinder end has an inlet valve b and an exhaust 
valve a. The two inlet valves are connected by a passage or port c, which at the 
middle carries the mixing valve d, which in turn obtains air through the valve e and 
gas through valve f. All the valves are operated by cams from a lay shaft. The 
operation is as follows: In Fig. 536, as the piston starts to the right it draws in a full 
charge behind it, at the same time forcing the exhaust gas out of the right-hand end 





17.4. V. D.1., 1901, p. 325. 
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of the cylinder. On the return stroke one-half of the charge in the left-hand end is forced 
through the port ¢ and the inlet valves into the right-hand end cf the cylinder, the 





















































Fras. 525 and 536.—Duplex Engine. 


valves d, e, and f having clcsed. At the middle of the stroke, both valves } also 
clese. Then follows compression in the left end and expansion cf the charge in the 
right end cf the cylinder. The charge in the left end is ignited by hot tube at the 


preper time. The piston now moving to the 
right compresses the mixture in that end, 
this is in turn ignited when the piston reaches the 
crank end. The two ignitions are therefore 180° 
apart, while exhaust and charging actions occupy 
the other 540° of the cycle. When the speed ex- 
ceeds the normal, the gcverncr temporarily pre- 
vents the opening cf the gas valve /. 

The indicatcr cards taken when operating 
with illuminating gas show that the compression 
is about 90 lbs. and the explosion pressure varies 
from 300 to 450 lbs. The mean effective pressure 
is only about 438 to 50 Ibs. per square inch. The 
terminal pressure is close to atmosphere, so 
that the exhaust is practically noiseless. Definite 


test figures for this engine are apparently not available, 


larly well for its economy. 








which does not speak particu- 
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4. Société anon. d’exploitation des brevets Letombe in Lille. This engine, which 
received a great deal of attention at the last world’s fair at Paris, is distinguished by a 
very promising system of governing, which regulates both quantity and quality of 
charge. In contradistinction to other methods of governing, the quantity of the charge 
decreases and the gas content increases as the load increases, that is, the higher the 



































Fics. 588 and 539.—Letombe Engine. 


lcad, the smaller the total volume of charge, but the richer the mixture. On the 
other hand, in accord with reasons based on thermal considerations, the leaner mixtures 
at the lower loads receive the higher compression. 

For larger capacities, this engine is built as a double-acting 4-cycle, Figs. 538 and 
539. The most important details of its design are found in the arrangement and 
operation of the air and gas valves. The main inlet valve a, Figs. 540 and 541, is. 


Illuminating Gas 





To Governor 






































Fias. 540 and 541. 


automatic, that is, it acts as a simple check or suction valve. The governing valve }, 
placed just ahead cf a, is actuated by the step cam c, the valve stem of 6 also lifting 
the gas valve d. The governor controls the position of the rollere, so that it runs on 
one of the four steps of the cam, depending upon the load. Valve b is opened at the 
same time for all loads, but the moment of closing and the effective lift of this valve 
are so regulated that, if the load is decreasing, the valve closes later and the lift is 


i 
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smaller than it was before. Since gas valve d is directly operated by b, this valve is 
affected in the same way. The last step of the cone is so low that the gas valve d is 

not lifted at all, in which case the engine will miss the next. 
at cycle. 

In the diagram, Fig. 542, line ab is the compression line for maxi- 
mum load N,,,, (charge=50-55% cylinder volume, compression =120 
Ibs.), while line cd is the compression line for Nypin (charge = cylinder: 
volume, and compression =195 lbs.). The work area developed is there- 
fore controlled by shifting the compression line, while expansion line 
and explosion pressure remain approximately the same. 

Operating Results. The first accurate tests of an engine of this 
type were made by Prof. Witz in July, 1902, on a tandem engine, in 
which the front cylinder was single-acting, the back cylinder double- 
acting. The engine was rated at 300 B.H.P. and was intended to operate 
on producer gas. Air and steam were forced through producer and 
the gas made through scrubber to a gas holder 
by means of a Root blower, which was operated 
by a 3-H.P. auxiliary engine. The cylinder 
diameter of the main engine was 23.65’, the 
stroke was 31.5’. The piston rod between 
Cea PR I ee! Aare c¢ the two cylinders had a diameter of 7.08’. 
The coal used was anthracite containing 14.8% 
of volatile matter and about 3% of ash. The 
test lasted eleven hours, with an interruption of one hour, and gave the following 
average results: 


20 














TABLE 69 

LES TOES. orn 1 ib yee Re eae Aaa ME are Aira Aa ae a 135.56 
PRE esau terre ecru cd mans sky Car YS OLE ace e as 289 .00 
ES rena O Wer CMOMIC rs. ).oar res Set ee oak eyes Ease 3 3.00 
ING PoE te Emre Pret tect tetra Seti oe Lk secre ee an Maveigeale aia « « 286.00 
Amhinaeitenper is. kik MOUrlbeies. ities. «tle cqtes fea babe wet .830 
Heating value of gas per bomb calorimeter, B.T.U. per cu.ft.. 148.00 
Temperature: of cooling, water OP. S. saa kine ak Re SS ke 131-149 
Venipeeaiure Of CxiaUst- Caso Pa. niece aielsais One asensie elle ons 658 
Average compression pressure, lbs. per sq.in................ 118 


The economy is apparently very good, but no better than is attained by other 
first class machines regulating by means of one or the other of the common systems 
of governing. Compare, for instance, pp. 328 and 358. 

5. Premier Gas Engine Co., Nottingham. The Premier gas engine, introduced 
during the last few years for large capacities, apparently with great success, is of 
the 4-cycle positive scavenging type, that is, near the end of exhaust stroke the com- 
bustion space is thoroughly flushed out with fresh air in order to receive a fresh 
cool charge and to cool down the interior cylinder and piston walls.1 Accurate 
drawings of the constructive details of the engine were not obtainable, but the 


1 This method of scavenging a 4-cycle cylinder before the new charge comes in is not a new idea, 
and was already in use by Daimler in 1885 in some of his small engines, but the Premier Co. first 


applied it to large engines. 


378 CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 


method of operation and the general features of the design may be made clear by 
Fig. 543, which represents a 600-H.P. tandem engine.! All Premier engines less than 
300 B.H.P. have only one cylinder. 

Air pump a, beginning with the crank position shown in the figure (about .8 
of the exhaust stroke), scavenges alternately the combustion spaces 6 and c, until 
the end of the stroke. The air supply in each case amounts to about 34 times 
the volume of the space to be cleared out, and passes through ports d and ad’, and 
inlet valves e and e’ respectively. At the end of the scavenging period in the 
cylinder concerned, the suction stroke next follows as in ordinary operation. The 
power pistons b and c¢ are connected by means of side rods f, which on one end 
are held by the yoke g,~-while on the other they are connected to the pump piston 
a. The rods thus pass through the annular space of the pump a, but not through 
the combustion space of the cylinder b. Grid valve h is operated by rod and eccentric 
from the main shaft, and not only serves to control the suction and discharge passages 











Fic. 543.—Premier Engine. 


of the pump a, but also at the proper time establishes communication between the 
outer air and the passage d through which one or the other of the power cylinders 
may then draw its charge of air. During the first third of the instroke, pump a 
forces a part of its charge of air back through the suction ports, for the rest of 
the stroke up to the beginning of scavenging the air is compressed into the ports d 
and d’. Each inlet valve housing e is furnished with a special piston valve which 
keeps the gas ports closed during scavenging, but opens the air ports wide. During 
the suction stroke this valve then opens the gas ports and closes the air ports partly: 
until the right ratio of air to gas is obtained. When the speed becomes too high 
the governor throws the operating rods of the gas valve temporarily out of action. 
The gas ports then remain closed and the cylinder draws nothing but air. The 
heads of the power piston as well as the exhaust valves are water-cooled. Ignition 
is effected by two open hot tubes in each cylinder. 

Operating Results. (a) Professor Humphrey obtained the following results on a 
600-H.P. tandem engine operating on Mond gas. The machine had a cylinder diameter 
of 28”, a stroke of 30’, while the speed was 128 r.p.m. 


_ Total indicated horse-power, 489 | 


Indicated pump horse-power, 34 } Nei Tee 


1 Engineering, 1901, p. 195. 
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Brake horse-power, 386.0 

Total mechanical efficiency, 7m=75.7%, net nm=81.0%. 
Heating value of Mond gas, approximate, 144 B.T.U. per cu.ft. } 7 
Gas used per B.H.P. hour, 69.2 cu.ft. J Qw = 


In this case both cylinders worked at about 3 load each. 
(6) A second test on the same engine, made by loading up the back cylinder and 
cutting out the front cylinder, gave results as follows: 


n=127.4 r.p.m., Ns=320.92 I.H.P., Ne=216 B.H.P., nm=67.1%. 
Heating value of gas, 139.7 B.T.U. per cu.ft., gas consumption per B.H.P. 
hour, 71.8 cu.ft., 71=37.76%, nw=25.3%. , 


In this test the heat carried off by the cooling water per hour was distributed as 
follows: 


Dovel heat in-cooling watet< o..cj.6 uve se » 667 000 B.T.U.=100% 
ucla JaCKOb Geir top. ck thers 467 000 B.T.U.= 70% 
WariedOll Inet ASLON, 4-<,a.te0-9ces o.b0 # Valen este 119 000, BT. U.= 18% 
lek hauet, valvento ecu. 81000 B.T.U.= 12% 


(c) Finally, the same test showed that at a maximum load equal to 650 I.H.P., 
the pump work was 36 I.H.P.=5.5% of the I.H.P. of the power cylinder, the mechan- 
ical efficiency was %m=83.8% (including pump work), or ym=88.8% (excluding pump 
work). 

During the first tests the indicator diagrams, with an explosion pressure of barely 
340 lbs. per square inch, showed a mean effective pressure of approximately 110 lbs, 
per square inch. At maximum load the M.E.P. exceeded even 115 lbs. per square inch, 
This pressure is surprisingly high and in conjunction with high results for m and ny 
points to excellent combustion. The compression pressure, 120 lbs. per square inch, 
exceeds by but little the inertia forces of the reciprocating parts whose weight was 
about 4.55 lbs. per square inch of piston. 

6. Ganz & Co., Budapest. The attempt to obtain thermal efficiencies as high 
as possible by increasing the compression, while correct in theory, soon meets a limit 
in practice in that the increasing compression temperatures soon cause pre-ignition. 
To avoid this, various schemes of cooling the charge either by internal or external 
means have been tried. As early as 1888, Capitaine built a kerosene engine which 
took in a little water with the mixture, by means of which it was thought to be 
possible to prevent ignition, but he did not succeed in overcoming the practical 
difficulties involved. In 1894 Donat Banki resorted to the same means of raising the 
possible compression in his engines, and five years later brought out an economically 
superior high-pressure engine, using water injection. This machine has since that 
time been built by Ganz & Co., mostly for operation with gasoline, although gas has 
lately also been tried (see below). 

Considered from a purely thermal standpoint, the use of water in this manner 
affects the efficiency of internal combustion engines in an unfavorable sense, since it 
increases the specific heat of the mixture and decreases the temperature range.! The 


1 Compare the investigation by Schreber in Dingler’s Polyt. Journal, 1905, p. 33. 
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theoretical loss, however, seems to be overbalanced in the Banki engine by the gain 
due to higher compression. | Bae 

The general design of the BAénki engines is shown in Figs. 544-547. The only 
additional special arrangement made necessary by the method of operation is the 
double atomizer bb, placed ahead of the inlet valve a. For details of this atomizing 
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Fies. 544-547.—Banki Engine. Rated H.P.=20 at 210r.p.m. 


arrangement see Part IJ. The ratio of water to 
gasoline is controlled by setting the needle valves 
of the atomizer by hand.! During the down 
stroke the piston along with the air also takes 
in fixed quantities of gasoline and water. The 
latter vaporizes largely during the compression stroke 
only and, in doing so, takes up so much heat 
that it becomes possible to compress to from 180 to 240 Ibs. per square inch without ~ 
pre-ignition. At the end of the up stroke the mixture is ignited by an open hot 
tube c, the pressure attained being from 500 to 550 lbs. per square inch. Expansion 
and exhaust follow as usual in 4-cycle engines. 

The exhaust valve d is operated by the eccentric gear e through the wiper eam /f. 
The speed is controlled by holding open the exhaust valve. This is accomplished 
through the reach rod ht, the position of which is controlled by a shaft governor in 














1 German patent No. 77764. 
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the wheel g. At the same time the 
spring of the inlet valve a is put in 
strong tension so as to prevent the 
opening of this valve during the miss- 
strokes. This hit-and-miss method of 
regulating the speed seems to be about 
the only one well adapted to the scheme 


of operation, since it would be difficult to satisfactorily proportion the 
gasoline and water to variations in load. But even in this case the 


Marling Clutch 








quantities of 
author’s own 
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observations have shown that the cylinder temperature changes involved in the method 
of regulation may easily cause trouble. 

Operating Results. (a) Tests made by Prof. E. Meyer, 1899, on a 20-H.P. engine, 
D=9.85"", S=15.70", compression space, .0785 cu.ft. The gascline used had a specific 
gravity of .70 and a lower heating value of 18520 B.T.U. per pound.t 








TaBLE 70 
Test, No.cu.ccctek Sacto tcc actatete ear area 1 2 3 4 5 
fS08 ot 64 Bee Pe Rey 5 A setts Sectegts Dect am Biri tot arora Cormays Bite 210.9 2UL2b" =) “20254. 214.4 216.2 
do le Oe emer pettere oh Se in PR rR AE OES oO cook 24.9 19.3 13.1 6.67 0 
Gasoline per B Hebe bounties ones lbs. O41 .590 .634 .850 3.26 perhr. 
Injection water'per hour.....:...........- lbs. TALES 41.6 34.8 18.15 11.22 
. water injected 
Ratio ———...... eee ee eee eee 5.34 3.93 4.20 3.21 3.45 
gasoline 
Cooling water per B.H.P. hour............ lbs. 40.0 56.3 72.8 86.2 
Per cent heat carried off in cooling water....... 22.4 26.0 31.8 28.8 
Meonomiic eticiencysa as cre ieee eee % 25.3 23.2 21 G a\) alo 




















The mean effective pressure, assuming jm=.85, was computed to be 108 lbs. per 
square inch, which is rather high for an explosion engine. The indicator cards show 
explosion pressures up to 540 lbs., with compressions at 233 lbs. per square inch. In 
the consumption figures above quoted, the gasoline required by the heating lamp for 
the hot tube, which amounted to .418 lbs. per hour, is not taken into account. 

(b) Tests by Professor Jonas, with the assistance of Mr. Taborsky, made on the 
same engine near the end of 1899. The gasoline had a specific gravity of .7298 and 
a lower heating value of 18 322 B.T.U. per pound. 














TABLE 71 
AOSE NOx sys detanr eel eer Ucele somone hap knee eat 1 2 3 4 5 
1 39 a aI cen cut cE RE Ss hts RBar em sehen s fabeh cua 209 .13 209 .67 209 .83 210.50 210.7 
Bs PL at Pea de Be ELF oon neo RR on ease ee ea 26 .00 20.40 14.85 8.10 0 
Gasoline per B.HSP. hour. seniacoe ieee lbs. .493 .523 | .582 .727 | 3.4 per hr. 
Injection water per hour.................. lbs. 62.20 35.3 24.40 13.72 10.20 
ater injected | 
Bilic ae ee A RC ere 4.84 3.30 2.82 2.33 3.00 
gasoline 
Cooling wateriper Bb Hep bourne was ae 29.80 45.50 37.70 51.80 
Heat lost in cooling water, per cent of total..... 21.7 26.7 23 .6 27 .6 ee 
Temperature exhaust gas ................. °F. | 383 383 366 340 232 
Mconomic-.cticlene Vantec eee ee ett % 28.0 26u4u te 2558 19.0 sone 




















The fuel consumption in this case is even a little better than it was in Professor 
Meyer’s tests. The effect of the water injected is quite strongly manifest in the low 
temperature of the exhaust gases. The explosion pressure varied between 555 and. 
654 lbs. per square inch, depending upon the load, with compression at 234 lbs. per 
square inch. 


17. d. V. D. L, 1900, p. 1062. 
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As above mentioned, attempts were made to operate engines with gas on the same 
principle. The development apparently extended over several years and has shown 
results as indicated below. It is, however, still a question whether the Banki gas 
engine has attained marketable status. The firm itself is as yet a licensee of one of 
the builders cf German gas engines. 

(c) The author has received the following tests of a 16-H.P. gas engine from 
Professor Banki himself: 











Oana tl RANE ie Cease. tpt haga a Gade opts oo aoe ke Full Half | No Load 
Ieee ey Re ce ee ee ne | 956 256 | 258 
EXPLOSIONS RPE LAMUIMUCC Tete NETAS chee feo ohe sions wars ah drye eh eee | 122.6 76 22 
DBR A EL IEy, gPhone dis ata oh @ ote SRL AEE SENS ea er ca ees S61 0 
IMjectiontwater per Hout meg Mer ess eels a. sie oe Sede aae Coe Ibs. | 2215 1G. | 1.87 
Gasiperm bie a MO uUniner eee taiey yn testo ws es Levtgucieuoyh iain & cu.ft. 13.89 16.22° |-- 51 .2 per hr. 
IMgectionmwatersper lal OUR rae i eas). ocd eeuhs oestue Shs Se Ibs. | 1855 AR | a Nerd 
IBsfoua pe SIO TNO wig 3.4.9 40 orp eg db ae Oa em Sons hp eae %| 32.43 27.79 








The last line seems to indicate that the heating value of the gas was in round 
numbers 560 B.T.U. per cubic foot. 

(d) Professor Schimanek, who made the above series of tests, stated in addition 
that the above figures had up to now been obtained only in two cases and that, 
probably on account of enriching the mixture by excessive use of cylinder oil (excess 
approximately 60%), the figures show results for gas consumption that are too low. 
In five other tests, made with the piston only sparingly lubricated, Schimanek found 
on the average the following results: . 





——— 


APOC Toi ee, oe recline ee ee 16.75 8.58 | 0 
3 17 .80 55.0 per hr. 


| 
| | 











referred to gas of 560 B.T.U. per cubic foot at 32° F. and 760 mm. Hg. 
The diagram, Fig. 550, with compression at 228 lbs., shows an explosion pressure 
exceeding 780 lbs. per square inch. This value, however, seems much too high and 






1 At.=14.2 Ibs. per sq.in. 
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Fie. 550, Fig. 551. 


apparently represents an explosion accidentally very heavy. It is also quite probable 
that of this pressure at least 70 lbs. may be ascribed to inertia in the indicator. A 
good insight into the real pressure variations during the cycle is given by Fig. 551, 
which represents a distorted diagram obtained on a large scale by means of an optical 
indicator (free from inertia). The dead.center positions Tp; at the end of compression 
and Tp, at the end of expansion have cf course been indicated by hand afterwards. 


384. CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 





























. — ‘ 
CSR Sogotsaes 
oh = Ts) pie Sea CS pie 
oe Se SHs.g wo 
aoe Oo ee OES 
MG ip WRI 
Gayle} Qa Bt Oon$& 
3 & SBo,gs oF 
[50 (hb oa eee Ss 
° g Sst aswMeis 
nd PASS oOSe oO 
ote ar Sn Bt ar 
We Geese oe 
‘ ea = gi rs} 
3 Woe SewSaesS2S 
“4 EPS 60 Foe SB 
gq a3 SZ aH Bs OOD 
S Bs, BE OSO as 
Q BS qe San Ww 
a o> oF or= 85 
yee BeRooosoag as 
L 5 Mo. geseonn%m 
uy 8 a? ee 
a Lee 6 KeS=Setey 
€ S82 jhegies 8 
FOS sas Sho aka .a 
Ls ej + LH fol 
2 FU we Tos Sagr go 
oy be es Wat fhe on 
bm 2S 2G grwseagce> 
Ee pg eo soaeckn oe 
ea geXecoan 
CORE re 5b ° 
Re Soh AB eee SASS 
Cees om 35 BS Bed 
E Eger G28 oS og 
SI Ben > eases os $e 
oo} “aes "SEL oR OL SE 
- OQ gr olses 
I Crm nea 
q 5 ro) igs Fcpgshras 
MOB O'S Boer oh BE 
Gee ©o5 So ae 
= ee Lae A 
O Boes est oseeees 
| Be wa pe Ray wos ao 
> - se 8 Teode arcu a 
en fe Sek HOT SEK ES OR 
iB SoS yesatets es 
ron) ERSESO S0e8s 5~ oo 
I & ~SSsrogl, ky 
al GS eee Bee Gee 
MD ZESsD Ssyos sy s$a 
1D aa? Cow Src U8 
er ge Se. oe eee 
Goo Oo gasses eda 
5 ABD MGI at=, Ries 
Fete Ss . VgctHres Ga 
B ©9094 B8kuoky 2 ot 
iy res) Ce0COPaeos¥4s 
Q2Pro 2 Sa Bai) 
Bia oO Sng Meise ig 
a S ea0 -o°" 
SS PH Boe 2 e854 
oO a Cony POYFFH DO 
Sop Sa wrotM ye ae 
gr. po bos oe ea 
=) O ps TEAABO 
SEES SBek Ge eeer 
Orne oe Sa, sa, 
Si ~'S ERB SD SASCE KD 
So ‘abawaaknos 
Sods SPE CRS S38 
eee) CSF Oomooasg 
z Aoececsok 
° ) STOP RE HR O 
rT H 
Nl UOERET UT 






























































According to this card, the explosion pressure is only about 470 lbs. when the com- 
pression is 220 lbs. per square inch. It is also clear from the distorted diagram that 
the explosion is by no means as rapid as is indicated in the ordinary diagram, Fig. 
550. Of course the bundle cf diagrams in Fig. 551 shows ncthing but explosions that 
are considerably delayed, and it may therefore be assumed that the normal explosion 
would show a more rapid rise of the line. Shortly before the end of the compression, 
Tp;, there is a marked drop in the line which is apparently due to loss of mixture 
past the piston. 


STATIONARY ENGINES 385 


Since 1892 the firm of Ganz & Co. have also built what may be considered the 
oldest gas-hammer. It seems quite natural to apply the explosive force of gas-air 
mixtures to the operation of hammers, pile drivers, etc., and the scheme has often 
been tried,! but only the Ganz & Co. hammer seems to have been able to maintain 
itself. The latter, constructed according to the patents held by Badnki and Csonka, is 
made only in one size, Fig. 552-555, and has the following dimensions: 


Dramieterror malt CYUNCET,)s 00a yes he aoe aes vals Son! 
Diameter of hammer cylinder... ........:4.5050005 5.90” 
Sitokenot the iain” pistols. 02k hah cu sie a ees 12°60” 
broker oi the hammer pistons is5 6ic.24 desc vd oe 13.75" 
iametercorwamnier TOds ives pees die ds Zoe 
Weight of hammer piston, rod and hammer........ 110 lbs. 
Rep aM Die Cab K-SWait ones sc cals ce une ee ae eels bs 220 
Number of hammer blows per minute.............. 110 


Variable kinetic energy cf one stroke, from 0 to 2880 ft.-lbs. 


IV. American Gas Engines 


1. The Westinghouse Machine Co., East Pittsburg, Pa. This company has been 
building vertical gas engines since 1896, and since about 1903 has also been building 
horizontal engines. All their product has been of the 4-cycle throttle governing type. 
Their vertical engines have all been two- or three-cylinder machines with box type 
crank case enclosing the working parts and providing splash lubrication. Several more 
or less distinct types have been brought out. ; 

Fig. 556 shows the earliest type, while Figs. 557-560 show a later form. The engines 
are designed to operate on natural, illuminating, or producer gas. 

The two-cylinder engines have been built in sizes from 10 to 85 B.H.P. and the 
three-cylinder engines from 40 to 650 B.H.P. The horizontal engines are made in 
large sizes only, and since their advent this company no lcnger builds vertical engines 
larger than 360 B.H.P. 

The principal features of the verticul engine may best be studied in Figs. 558 and 
559. The exhaust valves are located in the cylinder casting at the rear of the engine 
and discharge into a common manifold. They are operated by a cam shaft inside 
the crank case. 

The inlet valves are located in the front part of the cylinder cover and are 
cperated by a cam shaft mounted above the mixture inlet manifold. 

An auxiliary igniter cam shaft parallel to the inlet cam shaft is geared to it and 
serves to vary the time of ignition while running to suit variations in the quality of 
the gas. 

The centrifugal governor controls the lift of the balanced valve. The proportion 
of gas and air admitted to this valve is regulated by the hand adjustment of cocks 
(not shown) in the gas and air lines. These serve to adjust the mixture when the 
quality of the gas changes. 





1See, for instance, Z. d. V. D. I., 1894, p. 582; Richard, Nouveaux Moteurs 4 Gas III, p. 816; 
American Machinist, 1884, Dec. 24. 
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Ignition is of the hammer break type, current for the spark coil being taken from 
either a small 100-volt dynamo through resistance lamps or from a primary or storage 
battery. 

The engine is started by compressed air introduced by special valves into one of 
the cylinders, which is for the time arranged to act as an air motor. The smaller 





Fig. 556.—Westinghouse Gas Engine. 


engines are provided with a pulley to charge the compressed air tanks after the engine 
has started. Large engines are usually accompanied by a small independently driven 
alr compressor. 

The following description of the Westinghouse horizontal engines is taken from 
two sources, the Report of the Committee on. Gas Engines of the National Electric 
Light Association, and Power, April 28, 1908. The engine is of the double-acting 
tandem or twin-tandem type. In the latter case the cranks are 90° apart. 

Fig. 561 shows one of the latest tandem installations, that of the new plant of the 
Union Switch and Signal Co. at Pittsburg. This is the first direct connected 60-cycle 
plant to go into service in this country with single-crank double-acting engines. 

Ay 
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Fig. 558.—Back View, Westinghouse Vertical Gas Engine. 
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Fie. 560 —Top View, Westinghouse Vertical Engine. 
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Figs. 562-567 will serve to show the general features of design. In the main 
these are as follows: 

The main frame is of heavy girder box construction, the girder surrounding the 
crank pit to stiffen the frame against the transverse stresses due to the use of the 
side crank. 

The center and rear housings, see Fig. 566, are approximately cylindrical construc- 
+ions cut away at the top to give access to the center and tailrod slippers. To 
reinforce the center housing and to distribute the strains more evenly, removable steel 
struts are placed above the center line as shown. 

The cylinders, see Fig. 562, are supported at the ends only, giving complete 
access to the exhaust valves and piping below the cylinders. In the smaller sizes of 
engine the cylinders are symmetrical one-piece castings, having a divided jacket wall to 
avoid skrinkage stresses. The opening in the jacket wall is closed by split jacket 
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Fie. 562.--General Elevation, Westinghouse Horizoncal Engine. ° 


bands with joints of flexible packing to admit of independent expansion of cylinder 
and jacket walls. The cylinders of the larger sizes are cast in halves to obtain sound 
metal at the center of the cylinder, and these halves are then joined by means of a 
ground joint and shrink links. See Fig. 567. | 

Only the main frame is rigidly anchored to its foundation. Both the center and 
rear housings are free to slide on their base plates, hence permitting the unrestrained 
expansion of the entire construction. 

Quick access to the cylinders may be had through the inlet valve openings; no 
heads need to be removed. 

The pistons are cast in one piece without chaplets. The piston is forced on the 
rod with a tapering fit and held in-place by a rotating nut which is. turned off flush . 
with the piston face after setting up. 
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Cross-section through Cylinder, Westinghouse Horizontal Engine. 


Fig. 563. 
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The piston rod is in two parts, so that the latter may be removed through the 
front and rear housings. 

The above mentioned report of the National Electric Light Association describes the 
valves and valve gear as follows: 

Valves. Instead of a single governor valve controlling all inlets from a single 
point, the governing is accomplished directly at each inlet (Fig. 563), the inlet valve 
performing the function of both mixing and governing. Thus gas and air are mixed 
only at the point of entry to the cylinder, and in exact quantity required by the 
load—a condition essential for sensitive governing. The inlet valve (Fig. 563) has two 





Fic. 565.—View showing Valve Gear, Westinghouse Horizontal Engine. 


distinct motions—a fixed vertical motion due to the eccentric, and rotation of an internal 
sleeve controlled only by the governor and provided with ports registering with 
corresponding ports in the surrounding valve cage. The essential function of this 
rotating sleeve is that of a purely throttling governor which opens or closes the 
respective ports according to the load. Hence the mixture itself remains unchanged at 
any load. Furthermore, the quantity of mixture that can be affected by a back-fire 
is a comparatively small volume contained within the inlet valve sleeve. 

Valve Gear. An excellent feature of this gear is that only one eccentric is 
employed to operate both inlet and exhaust valves, instead of independent cams or 
eccentrics (Fig. 563). This eccentric motion is transmitted by pull rods to a rolling- 
cam motion similar to that used in marine work. Inlet and exhaust are, of course, 
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reversed to accomplish the valve openings at proper points in the cycle. This motion 
gives the very desirable maximum power at opening, followed by rapidly increasing 
lift as the valve opens, without bringing heavy thrusts upon the eccentric. 

The lay shaft carrying these eccentrics is driven from the main shaft by spur 
and bevel gear in place of the usual spiral gearing. This is designed to avoid the 
back-lash which eventually develops with spiral gears, due to the variable torque 
encountered. With fixed eccentrics and no lest motion, it is evident that no oppor- 
tunity exists for change of adjustment of valves except from wear of the rolling cams, which 
is obviated by the use of generous contact areas well lubricated. Erratic wear of the 





Fig. 566.—View showing Center and Rear Housing, Westinghouse Horizontal Engine. 


gear drive is prevented by the use of the “hunting tooth,” 7.e., an odd number in 
each reduction. 

Exhaust Valves. Hollow water-cooled valves of either cast iron or steel are used 
in all sizes, or a combination valve with cast-iron head and steel stem. Inside the 
bore a small tube rises to the head of the valve, constituting an overflow pipe. Cold 
water ascends through the outer annulus. The internal pipe not only prevents air pockets 
being formed but also insures that the valve never becomes dry. Stems are lubricated 
about the middle of the bushing. To remove the valves itis only necessary to drop 
out the entire cage with the assistance of a rope swing. 

The governor is of the Hartung or Jahns type, and is directly driven from the 
main shaft. It does not itself act upon the system of reach rods used to operate 
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the regulating valve at each inlet, but. simply operates a small balanced pilot valve 
which admits oil under pressure to one or the other end of a cylinder containing a 
piston, the rod of which controls the movements of the reach rods. By means of an 
oil relay system of this type the governor itself is relieved cf nearly all work. 





Fie. 597.—Cylinder Construction, large Westinghouse Horizontal Engine. 


The ignition system of this engine deserves special mention. Make-and-break 
igniters are used, in all cases at least two, and in the larger engines three, in each 
combustion chamber. Both sides of each igniter are thoroughly insulated, making a 
double ground necessary to prevent successful operation. 





Fie. 568.—Igniter Block, Westinghouse Horizontal Engine. 


Two types of make-and-break igniters are used. One of these is the well known 
mechanical knock-off type and needs no further description; the other may be termed 
electro-mechanical. The igniter block used in the latter system is shown in Figs. 568 and 
569, while Fig. 570 shows the wiring diagram. The electro-magnet shown in Fig. 568 
has a working armature which strikes the movable electrode of the igniter plug proper 
‘when the circuit is established. The coil is in series with the igniter electrodes and 
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serves as an induction coil. The circuit is made and broken by the commutator or timer 
shown in Fig. 570. This acts exactly like the well-known commutator used in the primary 
circuit of jump-spark systems, and the point of ignition may be changed in the usual 


way by revolving the case carrying the various circuit terminals. The electro-magnet 





Fig. 569.—Igniter Block;Westinghouse Horizontal Engine. 


acts as a tell-tale to indicate whether the igniter is working. The system also includes 
a safety stop. (See Fig. 570.) Should the speed of the engine become excessive, a dog 
is thrown out from the face of the fly-wheel by centrifugal force. This strikes the 
trigger of the trip device, breaks the circuit and puts all of the ignition out of operation. 
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Force feed lubrication is used for the 
cylinders, packing glands and exhaust valve 
stems. The oil supply to the cylinder is so 
timed as so reach the piston at the end of the 
expansion stroke. There are thus in all cases 
two low temperature strokes available for good 
iia /o7? Dimers fom Westinghouse distribution. The exact time of supplying the 

Vertical Engine. cil may be controlled by adjusting the eccentrics 
driving the oil pumps. For the other engine 


parts the usual gravity feed system is employed, but so arranged that only a single 
valve needs to be opened and closed. 
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Operating Results. 

VERTICAL ENGINE. (a) Test made by C. H. Robertson, 1900. Three-cylinder engine 
rated at 125 B.H.P., cylinder diameter=13’, stroke=14’. Heating value cf the 
natural gas used as fuel was on the average 970 B.T.U. per cubic foot. Duration of 
each trial about one hour. 

The ratio cf gas to air in all six trials was 1 to 13.7. The no-load diagram, 
Fig. 571, clearly shows the throttling of the charge and marked after-burning. The 
diagram in broken line is that obtained at maximum load, Test No. 5. 














TABLE 72 

RestaNOnsce cr tee ete as ce 1 2 3 4 5 6 
LOA erence Tale case emi ee 4 4 3 Rated. |Maximum. | No Load. 
| R3Ey 09 06 etre a ORNTA See NCaye et eo ete tee 264 264 260 258 256 .88 265.5 
Comp. pressure ..... in lbs. 40.5 60.3 70.3 110.0 130.0 Dome 
Explosion pressure. . | mia | per 61.7 99.0 159.0 238 .0 300.0 32.6 
Mean eff. pressure .. cyl: J-sq.in. Dial 46.8 60.5 80.0 90.0 8.4 
SELB N crath antag soa Ee ERR 53 .69 85.55 114.69 139.73 164.22 18.57 
121 5 OS oe were rages gos ortote See 30.81 64 .37 90.25 112.86 143.17 0 
Mechanical efficiency. ........... % 57 .38 75.24 78 .69 87 .93 87.0 0 
Gas wper)B.HeP Shounen cu.ft. 24.3 14.65 12.75 11.80 11.70 | 470 per hr. 
Thermal efficiency ..............--. % 15.6 23.8 26.3 25.5 26.1 10-2 
Economic efficiency... ........... % 10.76 17.96 20.53 22.37 2250) 1 elo 
Exhaust temperature.......... aes 1510 1624 1722 SS eee eee ee LY leas. 
Heat lost in cooling water. ....... % Har Ota ulema cer. 37.0 By eull 29.6 57.6 

- Heat lost in exhaust and radiation % SOM Simms lie cate a 36.7 42.4 | 44.3 32.2 























(b) Tests cf Miller & Gladden, 1900. Three-cylinder engine, rated at 550 B.H.P., 
cylinder diameter 25”, stroke 30”. Pistons and exhaust valves water-cooled. Heating 
value of Pittsburg natural gas cn the average 1000 B.T.U. per cubic foot. Duration 
of tests 1 to 3, each 5 hours, Test No. 4, 24 hours. 




















TABLE 73 
PeStNGroemmere ean tear iorereten Memeo eh eas eae he 1 2 3 4 
NBS yeRo IRer, Yaa th G57 cs 5 Patina rere een oe ne 4 3 Normal. Maximum. 
H Ray OF 00 eee ia zh B 0- ce CACO AO Ace en 151.7 150.0 149.2 146.7 
Mean effective pressure, pounds per square inch. ... 31.0 53.8 75.3 82.7 
ET Daeoeimteer tere cachet esta thes, al truntech huasecy Means 262.5 449.3 621.4 676.7 
yal STEM oa. Gmtarch eta acs Sees eae CE A ee CRE STP ct oe 2070 383.8 553 .1 605.6 
Mechanical efficieneynes ye. cote tee ee 79.15 84.72 88 .99 89.71 
Gasipencbrkl Pe no Urner scien crete. ies cu.ft. 15.7 11.5 10.45 10.05 
eNhermalvetiicioneve mmm en wee ates tare eek tee ee % 20.51 25 .80 27 .35 28 .38 
ICONOMIC TEI CON Cygaeew aera cee eee ees % 16 .23 22.02 24.30 25 .46 
Cooling water per B.H.P. hour .............. gals. 5.62 4.13 3.66 3.54 
Cooling water to cylinder and exhaust .. .. % total 70.35 72.78 12.22 72.32 
Cooling swater:tompistoneemnrae set orsiacis kts eee 29 .66 27 22 27.7 27 .67 
Mean temperature rise of cooling water........ °F. 88 .2 84.8 79.2 79.2 
Heat :lost.in coolingiwater’s 2... 0.6 sie 2.0 ane % 38 .69 34.39 33 .34 33.60 
Heat lost in exhaust and radiation.............. % 40.80 39.82 39.33 38.01 
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The figures reported in these tables deserve special attention, particularly the 
high mean effective pressure of 90 lbs. per square inch and the excellent mechanical 
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efficiency of nearly 90%. The thermal efficiency also is very high. The effect of the short 
cylinder jacket manifests itself in two directions, in a favorable sense as far as the 
low consumption of cooling water is concerned, 
and unfaverably in that the exhaust tempera- 

tures are high. 
* 200 1b. Spring (c) Tests reported by J. R. Bibbins to 


Max. Compress, 137 The. 


the American Society of Mechanical En- 
gineers, December, 1906. These tests were 
made on Westinghouse three-cylinder vertical 
engines before and after they were installed 
in the plant cf the Gould Coupler Co. at 
Depew, N. Y. The fuel used is producer 
gas made in Loomis-Pettibone pressure pro- 
240 liv. Spring ducers operating on bituminous coal. The 
load on the plant, although to some extent 
equalized by overlapping demands from  vari- 
cus sources, fluctuates widely, 80% above or 
below the general average, and the results 
obtained in the plant should on that account 

be of special interest. 
The plant capacity is 450 K.W. Each 
cf the three engines is rated at 235 B.H.P. 
on producer gas, capable of developing 260 
B.H.P. as a maximum. The cylinder diameter 
Fic. 573. is 19”, the stroke 22’, while the normal 

speed is 200 r.p.m. 

The engines were tested in the shop of the company at East Pittsburg on 
natural gas. The results of these tests are given in Table 74, and graphically in 











160 lb. Spring 
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Fig. 572. The term “kinetic efficiency” corresponds to what is called thermal efficiency 
throughout this book, “brake kinetic efficiency ” corresponding to economic efficiency. 
Fig. 573 shows some typical indicator cards obtained in these tests. 


(Three 19 22” single-acting 4-cycle gas engines. 


TABLE 74 


ENGINE EFFICIENCY 


AVERAGE OF TESTS 


Engines Nos. 741, 742, 743.) 









































Load. 1% Full % Remarks. 
Brakevii Pee a ctek. soe aoa ee 325.3 239 121.3 By Prony brake 
SoCs Lin OM IAG ened nm aca nee Sa 198 203 206.3 By counter 
Casmer Nounmee srr tas tien aia: 3547 2840 1985 Corr. to 60° F., 30” Hg. 
GasspersBe bb outers see sey 10.9 11.87 16.36 Corr. gas—no load—1250 ft. perhr 
Eleatuvalueys asi ewotecr nelmig. cat 920 920 920 Effect B.T.U. per cu.ft. 
Behe We perubablabes Outer! 10030 10910 15050 
Brake kinetic efficiency ........ 25:37 23 32 16.9 B.H.P. basis 
Mechanical efficiency. .......... 89 87.5 82.5 Estimated 
Indicated kinetic efficiency...... 28.5 26.7 20.5 I.H.P. basis 
Speed variation, maximum...... 2 RA ESM Ne aetees fn | SI ee No load speed 206 .6 
Speed variation, no to full load...| -....... 1 SoZ sens ee 
Speed variation, no to halfload..| ....... | ...... 0.7% 
Perscentaculluratingsery) cei ee 138.4% 101.6% 51.6% | On producer gas 
* Pittsburg natural gas—Junker calorimeter. Engines rated 235 B.H.P. on 130 B.T.U. producer gas. 





WwW. 


i. 


Station Load- 


6 8 10 


Hourly Maxima 


12 2 


4 


Avg. Load Factor 
Coal Rute-Day 1. 
Py esi be BT 


Average:scocee-= 1.87%, 
K.W-H,| 


6 8 10 


12 3 





4 


2500 12 


200 


100 


1500 


Percent Rated Load 


1099 50 


dfLaximum Load ‘Amperes- K.W, Scale. 


506 


6 


Fig. 574.—Load Curves, Plant of the Gould Coupler Co., Depew, N. Y. 


After installation, careful daily records were kept in the plant, from which a good 
idea of plant efficiency may be obtained. Table 75 shows one of the logs typical- of 


those kept from day to day. 
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TABLE 75 


TYPICAL LOG. GOULD COUPLER COMPANY, DEPEW, N. Y. 


Gas Powrr House DaiLty STATEMENT FOR SEPTEMBER 26, 1905 




































































| 
, é : , Station “ 
Time. P pec hoers a Bpsines oe PAeipe a Wace Volts. es Remarks. 
A.M. 7 A 1459800 230 1000 
8 300 230 2100 8% overload 
9 300 230 2100 
10 200 230 2000 
11 300 230 2100 
12 Wy Ww 300 230 2100 
INE al A 100 230 2000 
2 300 230 2100 
3 200 230 2000 
4 300 230 2000 
5 300 230 2000 Full load about 1950 
6 200 230 1800 amperes 
7 250 230 1700 
8 300 230 1900 
9 300 230 1900 
10 300 230 1800 
11 300 230 1900 
12 V | 300 230 1900 
WING A | 150 230 1100 
2) | oval 300 230 1900 
3 | | 350 230 1800 
A | 300 230 1800 
5 | 300 230 1900 
6 Vv VV 250 230 1700 
Meter READINGS: 
Day Engemeer:c 61. o6 oes Hanley (CRUD yd clay ed remo plore ct ow oan 1462600 
He STEP eR Marston (saseh eet ars Young PREVIOUS Bik eevee mre aie setts nue ee 1459700 
Se seroducen Mani ayers Benarak Out putt prensa ne ierene 2900 
ee s he Rei one Lea Coal, 6000; Coke, 
Night Engineer 5. 22.): 52... Lowe Rate 2.06 lbs. per kw. hour 
COU EL OLD Or espa ese ve oheleers Runer 
Sao ebrogucer: Vanier: Smith 
ae fe SOW simran: — GL00%a meee aarp eee e noone ore RN 1466 000 
Previous pert ae ee eee 1462600 
Qutpultien sais waniysn teresa ere 3400 





Coal, 6300; Coke, 
Rate, 1.85 lbs. per kw. hour 


Since the above observations were made the plant has been giving much better efficiency, the coal con- 
sumption averaging 1.8 lbs. per K.W. hour with an 85% loading factor. This corresponds to a plant efficiency 
of over 15.4% at the engine shaft, or 14% at the switchboard. Several runs averaging 1.55 lbs. per K.W. are 
recorded, equivalent to a plant efficiency of 17.7% at the shaft, or 16.3 % at the switchboard. 


The log needs no further explanation. From the daily records thus kept Table 76, 
covering a period of ten consecutive days, has been compiled. The term “ loading 
factor”? used represents the ratio of average twenty-four hour station load to rated 
capacity. The nature of the varying load on any one of these days is well shown 
in Fig. 574 for Sept. 25th. 
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TABLE 76 
OPERATING DATA 


450 K.W. Propucer Gas Powrr PLANT 


























Date. Bneine Per Cent Full Output. Load K.W. Station ot Goaliner 
September, Hours ai eal aa Loading. | hitel’ Useds Ber KW. IBeHReS 
ak hee Day Run, K.W. Average. Rated. seas Hous: 
20 7A 98% 4850 202 450 45 11100 2.29 
Dal 65.5 91 5275 220 450 49 11400 2.16 
22 70 974 6550 2108 450 61 12700 OS 
23 45.75 634 4025 188 450 41.7 8800 als 
24 24 334 2250 187.5 450 41.6 6600 2.937 
Sun. 
25 70.5 98 6400 267 450 59 12000 1.87 
26 69.75 97 6300 263 450 58 12300 1.95 
20 70.5 98 6700 279 450 62 12600 1.88 
28 1220 100 6700 | 279 450 62 12900 92 
29 70.5 98 6600 | 275 450 61 12900 1295 
Average..| 63 874 5565 | 2438.4 450 54 11330 2.04 1.44 




















Westinghouse vertical three-cylinder engines—Loomis-Pettibone producers. 


* Loading factor=per cent continuous generating capacity. 
T Includes extra coke used on Sunday for starting new fire. 


This plant offered an unusually good opportunity of observing the effect of load 
factor upon plant efficiency. The results of this investigation are given by Mr. Bibbins 
in Fig. 575. These curves were constructed from data obtained since the main tests 
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Fig. 575.—Effect of Load Factor on Plant Efficiency. 


were made and show a considerable improvement over the figures then obtained. 
This was due to more careful operation, but largely also to increased loading of the 
plant. 
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TABLE 77 
HOLDER DROP TESTS 


SUMMARY OF RESULTS 
























































Test No. A B Cc D E 
Remarks. 

Duration of Run, Minutes........ UL 8 10 10 10 
Load, per cent engine rating ..|_ no load 25.4 45.1 70.6 102.2 wae 
Brakeshorse=po were nacelle re 127.0 225.5 353 .0 511.5 
Kalo wate toe tgs os ata cuore he cers| am oeencnn ere 84.1 154.3 243.5 352.0 
Speed, revolutions per min... . 158 .00 156 .0 154.0 152.0 150.0 | Barom.=29.26” 
Holder drop, feet per hour.. . 16.91 24.96 ep) 39.89 51.60 \ oH oe 
Cubic feet per hour, 30’60°....| 15760.00 | 23270.00 | 30050.00 | 37280.00 | 48200.00 potas Pe 
Gas consumption rate: (Std. gas.) ( Correction face 

Cubic feet per B.H.P.hour.| ...... 183.2 IS3e2 105.5 94.25 \ tor—0.9642 
Cubic feet per K:W. hour. ...) ...... 276.8 194.8 153.1 137.0 
Heat value of gas: a 

Effective B.T.U. per cu.ft. .. 106.4 106.4 106.4 106.4 106 a Ay. of all tests 
BTL Us pene elie DO Unica cet aes 19480.00 | 14160.00 | 11215.00 | 10030.00 
Bee pense hours er rier ete 29430 .00 | 20720.00 | 16280.00 | 14560 .00 
Thermal efficiency brake.. .%| ...... 13.05 17.96 22.68 25 .36 
Thermal efficiency (electrical)%| ...... 11.6 16.46 20 .96 23 .42 

TABLE 78 
FRACTIONAL LOAD EFFICIENCIES 
Houtprr Dror TEsts 
Nominal Load. 4 t $ Full. Overload. 

Load, brake horse=spower 2.22). ¢s0---c0 see 125.00 250 .00 375.00 500 .00 550 .00 
Gas consumed,* cubic feet per B.H.P. hour... . 190 .00 127 .00 105.6 95 .00 92.20 
Heat consumed, B.T.U. per B.H.P. hour: .....| 20210.00 | 13510.00 | 11240.00 | 10100.00 | 9800.00 
Heat consumed,* B.T.U. per K.W. hour....... 30530.00 | 19700.00 | 16340.00 | 14675.00 | 14300 .00 
Heat consumed,* B.T.U. per I.H.P. hour...... 11180.00 | 10600 .00 9050 .00 8460 .00 8295 .00 
Thermal efficiency, per cent brake............. 12.58 18.84 21.66 25.21 25 .97 
Thermal efficiency, per cent elec............... 11.16 17.32 20.9 23 .25 23 .85 
Thermal efficiency, per cent indicated.......... 22.75 24.1 28.14 30.1 30.7 




















EQurivaLent Coat CoNSUMPTION ¢ FoR Various PropuceR Erriciencirs, Pounps per Unir Hour 








Producer efficiency: 
100%, brake horse-power hour. .| 1.413 
Kalowartt MOUs = arma neens Qs 
80%, brake horse-power hour. . 1.766 
kilowattshour:r. «0 4-isee 2.663 
70%, brake horse-power hour. .| 2.015 
kailowat bahOuUryrenwenteten- sents 3.040 











* Assuming same coal used on test—14321 B.T.U. 
+ Standard gas—106.4 B.T.U. (effective), 60° 30” Hg. 


a) 


944 
376 
.181 
.720 
347 
964 





0.785 
1.141 
0.980 
1.426 
1.120 
1.63 





0.705 0.685 
1.025 0-999 
0.882 0.857 
1.281 1.250 
1.006 0.977 
1.465 1.426 
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HorizontaL ENGINE. (a) Tests made by Messers Alden and Bibbins on a 234 
33”, 500-B.H.P. horizontal engine direct-connected to a 300-K.W. generator in the 
plant of the Norton Company at Worcester, Mass., during June, 1907, and reported 
to the American Society of Mechanical Engineers, December, 1907. 

The fuel used was producer gas made in Loomis-Pettibone pressure producers. 
The coal fired in regular operation was Clearfield bituminous, nine samples of which 
averaged: Volatile matter, 19.87%; fixed C., 73.71; moisture, .87; ash, 5.54; B.T.U. 
per pound dry, 14450 B.T.U.; as received, 14321. The composition of the hard coal 
used to start fires was: Volatile matter, 5.20%; fixed C., 78.95; moisture 3.20; ash, 
12.65; B.T.U. per pound dry coal, 12709; B.T.U. as received, 12320. The average 
sulphur in the Clearfield coal was .83%. 

The tests made were of two kinds, first a 51-hour continuous test to determine 
the coal, water and oil consumption, and the mechanical efficiency; and second, a 
series of holder drop tests to determine the net heat consumption at various loads. 
It should be noted that the 51-hour test was a service run under the regular operating 
conditions with the plant in charge of the regular force. 

The main result of the holder drop tests are presented in the upper part of 
Table 77. These results were plotted, and from these curves were obtained the figures 
in the lower part of the table. The same curves, by interpolation, also gave the 
figures in Table 78. The reduction from electrical output to brake horse-power was 
made by aid of the generator efficiency curve. 


TABLE 80 
FIFTY-ONE HOUR TEST 


Summary or Resuurs (Norton Co., June 24-26, 1907) 




















Load, Water, Oil, Coal,* 

Kilowatt. Cubic Feet. Gallons. Pounds. 

Quantity atifinishee saa 0: ty ese War sce 363550 .0 94900 .0 2.875 23775 
Quantity atistartin rai moe eo eae kame 345710 .0 GS5G0R 0/0 al mer Hed) Naa 

IDifferemees ae Ste oe os tae ee 16840 .0 31340 .0 Ph te¥ hes) 23770 
Correchionty ser earn eae ho foe toe rong caren Oe SLT Olt aoe eet a A = Ae Det ieee en 

Corrected\difterencel, .a nies oc eerie te 16957 .3 31340 .0 2.875 23775 

‘Hlapsedstimey gent, crass ace Sse yen ee 51 hrs. 50 hrs. 48 hrs. 51 hrs, 
Rate: pershouriies Meier ccna omer ie nt ane SoLeO 626.8 0.06 466 
Water, Water, Oil, Coal, 

Cubic Feet. Gallons. Gallons. } Pounds. 

Ratespers KaWenoun err aem einen oe at: (332.5 K.W.) 1.885 14.12 0.00018 1.402 

Rate per Bablieabour.. 55 eee ace (482.9 B.H.P.) Li3 9.74 0.000125 | 0.965 

Ratesper sl. BP hour jose eter (579.0 I.H.P.) 1.078 8.075 0.000104 | 0.805 

















* Clearfield run-of-mine—14 321 B.T.U. per pound as fired. Average thermal efficiency of plant 
18.43%; engine, 24.93%; producer, 73.81%. Average gasification rate, 13.36 lbs. per sq.ft. per hour. 


For the 51-hour test Table 79 gives the consecutive 6-hour averages, wlhtile Table 
80 shows the total average readings. The load during this test was faigly uniform and 
as near rating as the demand of the mill would permit. During the night shifts it 
was often possible to exceed rating, thus on the night of June 24 the average load 
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was 522 B.H.P. for six hours, which corresponds to an overload of nearly 20% on the 
generator. At the same time the heating value of the gas was below the average, 
only 109 B.T.U. per cu.ft. Fig. 576 shows 
a typical set of cards taken during the long 
run. This is one of the sets taken once an 
hour, together with the electrical readings, to 
determine the mechanical efficiency of the 
engine. From an investigation of these cards 
it appears that the mechanical efficiency at 
the average load carried was 83.5%, and at 
full load, 83.8%. These figures include all 
pump work. 

Additional determinations on oil and water 
consumption were summarized by the observers 
as follows: 

Average water consumption, for engine only, 
9.74 gallons per B.H.P. hour with 66° F. inlet 
temperature and 47.1° F. rise. 

Average cylinder oil consumption, 1.44 gallons 
per 24 hours, equivalent to 0.6 gallon per operating 
day, or 3.2 gallons per operating week. 

Average producer efficiency, 74.4% at full 
load, 73.8% at average test load—both based 
upon lower or effective heat value of gas. 

Producer gas, average, 114.6 effective 
B.T.U. during 51-hour test; maximum vari- 
ation 11.5% above and below mean. Differ- 
ence between total effective heat values— 
about 44%. 











ae 








Sumas . AWEMIESLP? 2 S447 At FP = S94 
This important test, complete in all respects, PERK cio Eee 
was supplemented by speed variation tests, the 
results of which are given in Table 81. Fic. 576. 


TABLE 81 
SPEED VARIATION TESTS 





Speed, revolutions per minute...... 155 154.0 152.0 150.0 149.0 148.0 
Wolts-ianca eevetbns copier er saha e teamed 255 255.0 257 .0 258 .0 258 .0 257 .0 
AT PETES thy eM Ree re Sean tony share 327.5 665.0 955.0 1303 .0 1347 .0 
PWV iS sae ec: che Sn Ore te trian at Vato 86.1 170.8 246 .6 336.1 346 .0 
1 Beg bl Boies & oicepeapcan tate CPA ae chee SE bau 129.6 247 .6 356.5 489.3 503 .0 
Pervcentatullerabing seme ee Hons - aoe 25.9 49.5 71.2 97.9 100.5 
Speed drop, per cent-+-mean........ sets 0.819 0.958 1.597 1.916 2.236 











InsTANTANEOUS Loap Trst JUNE 27, 1907, 6 P.M. 


No load to full load, 280 volts, 1190 amperes, 345 kilowatts, 502 brake horse-power 


[Nocloadespecd ante pr wetare nua tie ices ih eae ales ota’ 155 revolutions per minute 
Aboarcatlama waltonar wreak ccc) weeccesegste eis Gtr s sacri ied oie 148 revolutions per minute 
Wo acd ino vem Ofte ser wert s scape iase «ely ace eyesozcuote baseteoeiee spare 155 revolutions per minute 
DILereM Comey etary of See eaeaye s  ieGI MN Ore iota eiyte « 7 revolutions per minute 


Speedivariation yaa ssc cricseieien ess aero) a 4.6% of total—2.3%-+mean speed 
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Other data available on the operation of this plant is given in Table 82, which 
was published in Power for July, 1907. This table gives the average operating results 
for seven consecutive weeks beginning with Jan. 6, 1907. The average coal consump- 
tion per B.H.P. or per K.W. hour for this entire period is some 25% higher than in 
the 51-hour test made by Messrs. Alden and Bibbins in June of the same year. This 
is largely due to the fact that the loading factor during this time was only about 
three-fourths rating, while during the June tests it was practically unity. A slightly 
lower grade of coal may also have affected the results to a small extent. 


TABLE 82 


SUMMARY OF OPERATING DATA OF GAS-POWER PLANT OF THE NORTON COMPANY, 
WORCESTER, MASS. 

































































| Coal Burned, lbs.* Coal per K.W. Hour. 
Week Ending. | Hours Run. | en hee 
Producer. New Fires. Total. Producer. Total. 
January 6.....| 40-5 10150 | 20690 1400 22090 2.03 2:17 
January lade) 50-5 11900 | 24600 2700 27300 2.07 2.29 
January 20). ... J 55 13200 24530 2570 27100 1.86 2.05 
January 27.....| 54-40 12400 | ~— 22500 2000 24500 1.84 2.00 
February 3.... 55 13600 23800 2400 26200 1 rs 1.93 
February 10.... 55 13000 24265 3060 27325 1.87 2.10 
February 17.... 55 13000 23700 $2500 26200 1.82 2 OF: 
‘Total agen eee | 3869-50 87250 164085 | 16630 180715 
Average....... | 53 12464 23441 2376 25816 | 1.88 2-07 
Coal per B.H,P. Hour.| Heat Consumption.t Plant Efficiency.t cee 
Station Load 
Week Ending. | #8tSoncy. : econ | eee 
ae orl! Ba wenn pee eee Le Rating. 
roducer. otal. Kw. Hour. ones ectrical. rake. 
January 6.... 92 1.39 1.49 28400 19500 12.00 TS ea 20.2 75.0 
January 13°... 92 1.42 1.57 29000 19900 LO 12.9 23:6 79.0 
January 20.... 92 1.28 1.41 26000 | 17900 13.10 142 alee 80.0 
January 27.... 92 126 1230 25800 17600 13.20 14.5 24.3 74.8 
February 3... 92 1.20 ieee, 24500 | 16800 13.90 LD hl 20 82.4 
February 10... 92 1.28 1.44 26200 17900 13.00 Weare | aio! 78.8 
February 17... 92 25 1.38 25500 17500 13.40 He eee lea ees 78.8 
| | 
Total @h: Sics nero le GR ey ly Ledeen al et ee le Ac | ee eA ee | 
Average...... 92 1.29 1.42 26300 18050 12.96 TAS We F209 78.7 





























* Med. grade Penn. bituminous coal up to January 21. Pocahontas slack thereafter. Assumed, 14000 
B.T.U. average. 

+ For continuous running, not including 10% loss in pulling fire weekly. 

t Estimated from previous runs. 
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(6) Tests made under the direction of Mr. W. Dalton, Chief Engineer, on a 
horizontal tandem gas engine in the plant of the American Locomotive Co. at Rich- 
mond, Va., and reported by J. R. Bibbins to the Convention of the American Insti- 
tution of Electrical Engineers, June, 1908. 

The engine is of the usual double-acting tandem construction, with cylinder 
diameter equal to 233”” and stroke equal to 33’. The fuel used in the producers was 
bituminous coal. The producer is an R. D. Wood induced draft bituminous type 
with water-sealed bottom and centrifugal type tar extractor. An internal belt evapor- 
atcr located above the fire bed furnishes the vapor required for dissociation. Wet and 
dry scrubbers are also used in addition to the centrifugal tar extractor. A large 
gasometer serves as a mixing chamber and provides ample storage for a short period 
cf producer shut down, as well as for starting up the entire plant. 

The demand on the plant is fairly constant owing to the overlapping power 
requirements of a considerable number of electrically driven machines throughout the 
works. The test was continued for practically four weeks, the first half of this time, 
223 hours, at nearly full load, and the remaining two weeks on 2 load and $ load. 
The observations were made entirely by the staff of the locomotive company in order 
to determine the fulfilment of guarantees. 

The principal results of the test are shown in the following table: 


TABLE 83 
GENERAL RESULTS OF TEST 











Full Load. 3 Load. 4 Load. 
Migars ordinate TUE OUTS Pe Tee Bee oso Ga x!a Site ds dem pete S 223 125 136 
PACTS LOTR KH OW A LL Sota cuee eta Tey = AGS er ofo isos e sya) 0 as) oP ease iS Se 312.3 228 .3 159 .6 
Atvernee loads Computed: Eiki joc yatlaic'12 han ss tose tye eee os 455.0 333 .0 238 .0 
Roadsper cent Gnome tating ior... voles ca, «sve vie pe oe os Gores a arere 2 91.0 67 .6 47.5 
Poadmper'Cent: PCNETATOR TA UD Posie ie hee w/e he fein. ote 6m cles oie ob 104.0 112 53.2 
Goaleeasitied® Vogts steer kn. eorciers vias i) diye beet ie oa See ae ne 115289 54143 47775 
Coniensiicduper NOUE ent. sere sale pets es ale syste tye oa tiels sla sie ses 517 .0 433 .0 351.0 
npr wath HOGre e, Vlet rg. 2s aes SG 2 Ges clogs oo su SOR 69650 28540 21710 
Rounds: coalspersktowwearibe Glo) aise 2.0 os, ce diss 2/<\> eis no eee 1.654 1.697 | 2a20 
Pounds coal, per kilowatt hour guaranteed. ................... 1.93 Zealot 2.64 
Pounds coal, per B.H.P. hour... .. Ss Loh ct Ae poate ME Or 1.14 1.31 1.56 
Awversceihonbayalue,. Of Con isaWe rs © jee te..,-cr02,slpewn ase steele s 14392 14392 |- 14392 
BSE permialew abt MOUr S 3 f ys5 oi siale oo seas se iy cs wee swre e G 23700 27280 | 31650 
JRE SRG U egerei es S5il a Bon eep hee Nk gan OE a, we ee 16415 ISi100) | 21670 
Per centitnermalreticiency, brakes ¢ So. cc 6 ane nec 2 ase ois, 2 0 5° 15.51 13.6 | 1p Ber fs) 
Per'cent.thermialreticiency, electric: 2. 7. i006 eee wee bee es 14.35 125655 | 10.78 











Coal—Pocahontas run-of-mine ; average heat value dry sample, 14 703, as fired, 14 392; volatile matter, 
22.8%, ash, 4.5%, sulphur, 1%. 
Test—Aug. 12, 7 a.m. to Sept. 7, 12 m. 


At a load of 312 K.W. the engine is running slightly under rated load, and, 
on the basis of the figures observed, it is estimated that the coal consumption at full 
load, 350 K.W., would have been 1.59 lbs. per K.W., or 1.09 Ibs. per B.H.P. 

During the four weeks test there were of course several periods of idleness, as the 
plant is not operated over Sunday. The producer operator estimates that from 6 P.M. 
on Saturday to 7 a.M. on Monday 1700 lbs. of coal on the average were required to 
cover stand-by losses. 
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Determinations of: oil and water consumption were also made during the 223-hour 
test. The average consumption of cylinder oil was .09 gallons per hour, equivalent 
to 4.9 gallons per week for a 10-hour working day. The average consumption of 
cooling water was 6.56 gallons per B.H.P. hour at heavy load, the inlet temperature 
varying from 75-80° F., and the outlet from 140—-150°. 

2. De La Vergne Machine Co., New York. This firm builds four distinct types 
of engines, the Kérting 2- and 4-cycle engines, which they now call type KT and type 
KF, the Hornsby-Akroyd 4-cycle horizontal oil engine (type HA) and the De La 
Vergne 2-cycle vertical oil engine (type S). (Two other oil engines, to be known as 
types FH and FV, horizontal and vertical respectively, have also been produced in which 
heavy crude and fuel oils are completely burnt with the assistance of highly com- 
pressed air, but these two types are at this time (Dec., 1908) only emerging from the 
experimental stage. They are omitted in this edition.) 

The first two of the engines above mentioned have already been described in some 
detail on p. 334 to 341, and hence it will only be necessary to point out the differences 
in the American types where they exist. 











TaBLE 84 
ENGINE. Sines. | Twin. [Seeman Sixour,| ‘Tm Twin. 
B.H.P. with producer and blast-furnace gas. ................... 500 1000 1000 | 2000 
BH.PSwithinatural pas. .6)o2 se ccdse oie ae Serer et aces 600 1200 | 1200 | 2400 
Power cylinders sc:hess oa whicy 15-2 age eon aoe ee 254"x45” | 38x60” 
Revolutions per minutes... oc 3 ic 6 ones acs nee ace eile rere 100 | 70 
_ Piston speed, feet per minute ............,.----5 020s eee eee eee 750 700 
Main’ bearttiges SG) so. Mid oxo ue a 1 be Se 128/234” 18’ 33” 
Outboard bearing’ a5 a. edict chicas ge aeee tees ant oats en see PASS 4 ddl ane 14K 254} ...- 
Main \crankapimee seme ces aa tne on ne hice ee ee eee ee 128” 133” 18” 194” 
two | four two | four 
Main .cross-head Pinsisee.<).). 5 hb sp hes aiets ae eo eS Ean eee 84’ X7i” 123” X 114” 
Main cross-head shoe bearing surface. ...........-.-.2..2-0005- 193” & 342” 274 X52” 
Main ‘piston:red;. diameter-v...- 0) > cane Soe soe) Se eee 64 10 
“Light” ee factory works diameter. (su. 2: of hee ee 177-6 22’ 
meWOEICT Ge. a. cic huis olds hus yess 36000 66000 
“SHERVY, 1h meee ; electric © re pRUAOLOE. ne 9 a ner ee a 17? 10” 23' 
= Pie Boe Be ’ weight ee ee Aa et Ie oie 72000 - 130000 
Bore of flyswheeise sone: : cacao = ae sn: 2 oe ies ee Se 16” 233” 
Diameter’ pumpsuon1urns Ce as sins ee ese eels esas ofc cee 283” 384” 
Diameter air pump for producer and natural gas............... 283” 384” 
Diameter gas pump for producer and natural gas.......-....... 252/ 342” 
Stroke. ofall pum pace silences tists 2 viene, lela p/ivia seo eye erercae so Neate 334” 494” 
‘Diameter'gasanletG pipe: soe. deci ieee en oe ee ere ena 13% 18” 
Diameter exhaust pipe se 5+ .cctec ite goieisee 5 6oos) «4 eke belaves = erature iem 24” 
Diameter coolinguwater pipes. trocar eee on oa eee ees eee 34” Bie 
Length over all (heavy fly-wheel) . ..........-.s-eeeccsevcseeee 39’ 4” 55, eZ 
Width’ over all 3g she 20's icjape she tee teers pers (ore wie B aerosols enter apeeneions 23057 | 338" 6%) BOs 45% 
Shaft: center to/floor/level.; --.7cacseciseiesie otis oe se ae eee 34” +6” SO teh ak 
Shipping weight ‘without wheel... 0 .)g02).0.-- 02-2. ae cee 132000 | 250000 380000 | 746000 








* Including extended shaft, or generator between the cylinders of a twin. 
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TABLE 85 


SINGLE-CYLINDER ENGINES 
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(Kortina Patents) 





Rated B.H.P. with producer gas, 82% 

ancvOS, lbs) MAK: Peer nee cuee a sei. 
Do. with natural or illuminating gas,* 

CON DS SME Paes cote eee er hee ast 
Revolutions per minute, Std. ....... 
Diam. and stroke of motor cylinder, 

day maillinaeterserciy, tes es ac citer « 
LD) Gees CHES skeet pie ete is hd el lea akc 
Piston speed, feet per minute....... 
Crank pin, diameter Xlength........ 
Wrist or piston pin (bearing, diam- 

eter <length tc tes cnt ae vege terse 
Main bearings (2), diam. length... .. 
Outboard bearing (1), diam. Xlength. 
Diameter of heavy fly-wheel........ 
Diameter of light fly-wheel......... 
Bore of (either) wheel or of pulley.... 
Weight of heavy fly-wheel,{ net lbs. . 
Weight of light fly-wheel, net Ibs.. .. 
Weight of engine without wheel,gross 
Weight of engine without wheel, net . 
Driving pulley (split), diameter ..... 
Driving pulley width of double belt, in. 
Length over all incl. heavy wheel..... 
Width over all inel. outboard bearing. 
Height, bottom of frame to top of 

heavyawheel soy. oe wetsiow ties ein 
Height, bottom of frame to center of 

Cramk-snatt.. ote cera sce ec. aye 
Weight of frame casting, rough, lbs. 
Size of air pipe, inches............. 
Size of exhaust pipe, inches........ 
Size of producer gas pipe, inches .... 
Size of natural or illum. gas pipe, in. 





75 85 
85 100 
170 160 
430700 | 460x755 
1648 X27;%| 184X293 
780.8 792.6 
7EX8H | 844X975 
5osX8t | 548X8H 
7H X142 | 81Xx163, 
643X123 | 64X123, 
10’ gl’ 11’ 3” 
10S 10’ 10” 
97, 10+}, 
16700 17200 
9900 11400 
24000 28800 
22500 26500 
4 64 5/ 
12 14 
Ie SES 
9’ yt Gi He 9” 
he gi eu as 
253” 262” 
8750 10000 
ii i 
7 7 
7 ia 
4 4 








100 


115 
155 


490 800 
194X314 


813.6 
Oe X 104 


64X Wy 
81 X 1738 
64x 12,4 
12’ 

12’ 44” 
108 
21000 
13200 
34600 
31500 
6’ 

14 
19’ 
41" pf 


8/ 8” 

283” 

10780 
i 


8 
7 
+ 





125 


145 
145 


540 X 876 
214 344 


833.5 
1075 X11 


644 X 104 


92x 18,8; 
9X 274 
Vor 74" 
12’ 6” 

11g 
27200 
17600 
42800 
39100 
Ge 
16 
21’ 
1 9g” 


9/ BT, 


283”” 
12175 


8 
8 
¢ 
5 





150 


175 
135 


590 X 955 
234 X 874 
846 .0 
11X12, 


4X11 
102 19% 
4X 23 
13” 54” 
13” 54” 
122 
40600 
24000 
48200 
43900 
9’ 
16 
22! 4’ 
g (bP Ae 


9/ 9” 

28/8 

16075 
8 


3 
G 
5 





175 


200 
130 


650 X 955 
258 378 
814.6 
123x142, 


O75 X 123 
114X218 


| 104X314 


14’ 
13’ 9g” 
143, 
50200 
30000 
50300 
45600 
10’ 
18 
ORY 7k 
13’ 10” 


10’ Qo" 


31 4 
23340 
10 
12 
8 
6 





* With blast-furnace gas, M.E.P.=60 lbs. per sq.in. and B.H.P. is but 88.2% that with producer gas. 


{ Light fly-wheels are for general power engines, pumping, etc. 


Heavy wheels are for D.C. direct-con- 


nected or belt-driven generators of any kind. Direct-connected A.C. generators require twin engines and 


extra heavy fly-wheels. 


All wheels made in halves. 


TABLE 86 


TWIN-CYLINDER ENGINES 





Rated B.H.P. with producer gas,68 lbs. 
Do. with natural or illuminating gas, 
73 lbs teM HP oiteey te, steers puso Skanes 
Rev. per min. (same as single cyl.) . .. 
Size of cyls. (same as single cyl.), mm. 
Width of engine,* including a genera- 
tor placed at end of crank-shaft.... 
Do. excluding the above generator... 
Do. with generator or pulley in middle 
Weight of whole engine without fly- 
wheel or pulley, gross lbs......... 
Dor metilbs:kere eerie chan 
Driving pulley (split), diameter..... 
Driving pulley, width of double belt, in. 





150 


170 
170 
430 x 700 


7 
£3? 
15’ 9” 


46500 
43600 
6’ 
18” 


170 


200 
160 
460 X755 


19 
14’ 
17 ee 


55800 
51400 
Ge 
20" 








200 


230 
155 
490 < 800 


21’ 
15’ 
18’ 2" 


66600 

61000 

sr ( fai 
ODA 





250 


290 
145 
540 X 876 


22! 6” 
16’ 
18’ Ae 


83000 
75800 
9/ 
24 ad 





* In each case is the fly-wheel assumed as between the two cylinders. 
Norr.—Fly-wheel and other parts are alike for twin- and single-cylinder engines. 





300 


350 
135 
590 x 955 


DB 6” 
Wes! 
1943/7 


93000 
85200 
10’ 
28” 





350 


400 
130 
650 X 955 


25! 
18’ 6” 
OOF 1 


97500 
88500 
12/ 
IQ 


SS eee 
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1. The Kérting 2-cycle engine. (Type KT.) The main features of the American 
design of this engine are shown in Fig. 577. This picture, however, does not show the 
latest governing gear which is illustrated in detail in Figs. 578 and 579. The former 
indicates that the air pump and its valves operate in the ordinary way. The gas pump 
cylinder, however, is provided with a ring of ports at the middle so that for one-half of 
the discharge stroke the piston forces the gas back into the suction main. Each end -of 
the gas pump is fitted at the bottom with suction and discharge valve and at the 
top with a by-pass valve. This valve is positively operated by eccentric and reach 
rods over the cylinder, as shown in Fig. 578. It is tripped by a gear similar to a 
Corliss gear, Fig. 579, at a point in the ‘second half of the gas pump discharge stroke 
determined by the governor. The method of operation of this gear becomes clear from 
a study of the figure. As long as this valve remains open, the gas continues to be 
forced back into the suction main. As soon as the gear trips, however, the spring 
shown closes the valve and the gas is forced through the discharge valve at the 
bottom of the pump and into the power cylinder for the remainder of the pump 
stroke. 

The table on p. 408 shows the principal dimensions of De La Vergne-Kérting 2-cycle 
gas engines. 

2. The Kérting 4-cycle Engine. (Type KF.) This engine has already been 
described (p. 334) and there is nothing radically different in the American design. 
The tables on page 409 give the principal dimensions of the various sizes made by the 
De La Vergne Co., together with some other data. 

The features of the De La Vergne suction producer used with these 4-cycle engines 
are in general those of the Ké6rting suction. producer already described on p. 274. 

The following table gives the principal dimensions required for electric power 
plants equipped with De La Vergne type KF engines and prod cers. The letters refer 
to Figs. 580 and 581, which show two lay-outs, one for direct connected, the other 
for belted units. 














TABLE 87 
ELECTRIC POWER PLANTS WITH DE LA VERGNE GAS ENGINES AND SUCTION GAS 
PRODUCERS 
ARRANGED FOR SINGLE-CYLINDER Units oF 75 To 175 B.H.P. Capacity 

A. Gas engines (K6rting type). G. Electric motor, for 

B. Gas producers. H. Belt-driven air compressor. 

C. Vaporizers. I. Compressed air receiver. 

D. Coke scrubbers. J. Electric motor, for 

E. Sawdust purifiers. K. Blower for producers. 

F, Expansion tanks. L. Exhaust silencers. 

TABLE OF APPROXIMATE DIMENSIONS IN FEET 
Se Direct ConNECTED (Fig. 580). BELTED (Fig. 581). 
Units, iH ae 
ee tre 85 100 125 150 175 75 85 100 125 150 175 

M 22 23 24 D5 5 aT. 28.5 15 16 Wi 17 18 19 
N 31 33 34 35 (aes 7 40 38 38 40 41 42 43 
O 17 ile 18 18 eed 8) 19 15 15 15 15 16 16 
12 20 21 22 ZBo 25 26.5 22 23 24 25.5 2d. 28 
Q 24 24 28 29 32 32 13 13 15 15 18 18 
R 15 15 15 aesyatsnes) IS 16 ok ree ome re ae 
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Fie 577. 
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3. The Hornsby-Akroyd Oil Engine. (Type HA). Thisis a very popular English 
4-cycle oil engine, placed on the American market in 1895. Fig. 582 is a general 





Fic. 582. 
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Fie. 583. 


view of a 20 B.H.P. size of this type. The constructive details are illustrated in 
Figs. 583, 584 and 585, from which its operation should be clear without much explana- 


STATIONARY ENGINES 417 


tion. On the suction stroke of the piston the oil is injected by a plunger pump, 
cperated by the air valve cam cn the lay shaft, through an atomizing plug into the 

vaporizer chamber which is a cast-iron vessel 
connected to the cylinder by a narrow neck. 
The oil vaporizes when coming in contact with 
the hot walls and the mixture is formed when 
the piston cn the return stroke compresses the 
air into the vaporizer. The compression is such 
that the mixture ignites when the piston reaches 
the dead center, no igniter of any kind being 
required. 

The yaporizer is heated before starting by 
means of a blow lamp. In order to accomplish 
this inside cf ten minutes the De La Vergne 
Co. make a special heating lamp. which works 
on the principal of the ordinary gasoline torch, 




















[t,o 2 aeh ) raee 3]e| 
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Fic. 584. 
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Fig. 586. Fie 587. 


but uses kerosene as fuel. The lamps used for the smaller size of engine are shown in Fig. 
586, comprising one or more burners, while Fig. 587 illustrates a special air compressor 
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outfit and lamp used for the larger sizes. The compressor and receiver can also be used 
for starting the engine. 

After starting, the heat of compression and explosion is sufficient to maintain the 
vaporizer cap at a dull red heat. A protecting hood 
placed over the cap at starting can be lifted off if the 
engine tends to get too warm by running continuously 
at full load. Using moderate pressures it is practically 
impossible to burn kerosene or crude oil without the 
formation of some carbon deposit. Recognizing this 
fact, the oil is in this engine not injected into the 
cylinder where the deposits might cause trouble, but 
into a separate vaporizing chamber. 

Originally the vaporizer consisted of a single 
gun-iron casting, but about ten years ago it was 
found that the compression could be increased without 
incurring pre-ignitions, by simply water-jacketing about 
cne-half of the surface of the vaporizer. In this way the 
economy was improved and the horse-power increased 
by 20% without adding to the number of revoluticns. 

Having the vaporizer in two parts, as indicated 
in Fig. 583, the removal of the deposits becomes a 
very simple matter. ln the large sizes the hot cap has a hand-hole plate held 
in place by yoke and set screw. Joints are made by means of an endless copper wire 





Fie. 588. 







































































Fies. 589-592, 


ring recessed in the water-jacketed part of the vaporizer. How often the operation 
of scraping out the carbon may have to be undertaken depends altogether upon the 
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nature of oil used,.and can only be determined by trial. At best it will have to be 
done once a month, at worst, once a day. Unless very excessive, the deposits do — 
not interfere with ordinary operation and by keeping duplicate caps on hand an 
engine can be operated for at least 234 hours each day in the worst cases, 

The speed of Hornsby-Akroyd engines is regulated by proportioning the quantity 
of oil to the load. The fly-ball governor is shown in Fig. 582, and in greater detail 
in Fig. 588. It acts upon a by-pass valve so that the oil discharged by the pump 
(which is always a constant quantity depending upon the setting of the effective 
pump stroke) is divided into two parts, one going to the vaporizer, the other returning 
to the fuel tank in the engine base. 

These engines are made as single-cylinder units in sizes from 10 to 125 B.H.P., 
and as twin-cylinder units in sizes from 40 to 250 B.H.P. Figs. 589, 590, 591 and 592, 
together with the two tables following, show the principal dimensions. 


TABLE 88 
PARTICULARS OF HORNSBY-AKROYD OIL ENGINES—(Horizontat) 


SINGLE-CYLINDER 















































Bracor babe: vee rareieg mea wen cine 10 15 20 25 35 50 85 125 
Diameter and stroke.......... 9.5X12] 11X15 |13.5X16)14.5x17) 1620 |18.5x 25] 2328 127.533 
Revolutions per minute.......| 290 260 220 220 220 180 180 145 
Number of fly-wheels......... 2 2 2 2 2 1 1 1 
Diameter of fly-wheels. .... .ft. 4.5 4.75 5 6 6 9 11 12 
HA Ce Maas «50 stetne craters in. 6 a 7 Uf UL ® 10.5 11.5 13 
pA ern ae tyr it Gee Oe eae rele 20g) 222620 | 25.25 ie 28.25 32 Bares cae Jey: 
oA AOA, ee eR ny in| eliS. 250 |) - 22°62) 2655 28 .25 32 38 44.5 53.5 
OPES Reay worcester en meeeTcichse.ce nase Oe Uae On Oe Oca rOm ORO LOA OPO coe tOcie Or. 3-7 1/10! 4.50) baer 
ip oe PRPC N ST onc Oy SERRE at aor Te 9’ 4” 10’ NO ROGS Piz arse Ae Gus |) 17! 4 OO Ge 
Floor line to shaft center...... 2900 | ole o. 32e 88 38”” 36” 36” 45” 
Approx. ship. weight, ..... lbs 5000 7500 10400 | 13600 16000 | 24000 | 41000 | 70000 
| 
TABLE 89 
PARTICULARS OF HORNSBY-AKROYD OIL ENGINES—(Horizonrat) 
TWIN-CYLINDER. WitTH ONE FLY-WHEEL 

Bra evel Pein) seet neurone att so RS k 40 50 70 100 170 250 
Diameterand strokes...) acesec. «0 Zuo loa 4a GU aerlO 20) aelSaon<Zo lle 235<28) 2775533 
Revolutions per minute............ 220 220 220 180 160 145 
Diameter otwheelace an asses. - a We (a lOKoi 9’ Abin 12% 
Ha ceronambeel aries cciceor widic aang os 8” 8” 9g” 10.5” ISL ee 13 

. : ; D 4’ 4” 4’ 8.75” Da Or GA6M Geo 9’ 
With shaft coupling outside. ... ne 8/5” 9/ 3” 10’ 6” 17 13 3.5” 16’ 9” 

7 : f F 5/ 6” 6/ Bie . Pid , 8’ 6” 11” 
With pulley inside............ 1@] 9°1.5" 10’ 2” 115” 13/ 2” 14/1” 17’ 10” 

L ig Meera USCS 14’ 6” VP 4e? 20’ 6’” 

Floor line to shaft center........... 32” 320 32” 36” 36” 45” 
Approximate shipping weight .. .lbs. 17200 22000 27000 39000 66000 115000 




















Hornsby-Akroyd engines have found extended application in this country, there being 


not less than 5315 B.H.P. in one industrial establishment alone. 
extensively used for driving the oil pumps in oil pipe line stations. 


for which is shown in Fig. 593. 


They have also been 


An example of a 
modern plant of this kind is that of the Gulf Pipe Line Co. in Texas, the lay-out 


The oil used for fuel is taken directly from the line. 
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There are three stations, covering a total length of about 300 miles. The pressure 
pumped against is about 700 lbs. per sq.in., each station pumping in the neighborhood 
of 576 000 gallons per day of 24 hours. 

4. The De La Vergne Vertical 2-cycle Oil Engine. (Type 8.) This is a small 
engine recently developed. Fig. 594 explains the construction and at the same time 
shows the appearance cf the stationary type, Fig. 595 illustrating the marine type. 
Both of these illustrations show two-cylinder 
engines, but single-cylinder machines are 
also made, as may be seen from the follow- 
ing table of dimensions: 


va Gyn! 
op aOR 
i} 





Fic. 594. Fia. 595. 


TABLE 90 
PARTICULARS OF DE LA VERGNE VERTICAL OIL ENGINES 
ALL DIMENSIONS IN INCHES 





























. . x From Floor : Diameter Total 
No. of D t Fl Ss ; Height oaks Ol 

Brake H.P. | cyiinders. | and Stroke. | B-P-M. | (ize of Base). | OF Bottom above Shaft | x Face of cpippme 

Shaft Center. ; Fly-wheel. Approx, 
STATIONARY ENGINES 

4 il OK OnO: 650 14X22 14 23.75 204.5 450 lbs. 
8 2 DOG LOO 650 23 X 22 14 23.75 204.5 700 ‘‘ 
7k 1 7X 7.5 500 19.5X29.5 | ~ “164 B2rGoe rl 985 35), 100s 
15 2 OX 500 30.5 29.5 164 32.62 28: 5.25 | 1600! “* 
124 1 8x10 450 23. 38.25 20 43 305.25} 1800 ** 
25 2 8x10 450 36.5 X 38.25 20 43 3045225) 2700S" 

MARINE ENGINES 

4 1 baie) 650 6X15 5,625 Zoro 204.5 350 Ibs. 
8 2 5X 5.5 650 14.7515 5.625 ! PTs) |i ADS nes) ea 
74 1 OSS S63) 500 10 x 20 if | 32.62 26x 5-25 900 ‘é 
15 2 (PRE lee 500 21X20 7 1 32:62 26505025) bet sOOnre 
124 1 8X10. 450 PIR oS<26 9.5 43 3805.25) 1400 *° 
20 2 §x10 450 25 X 26 9.5 43 SOD<5m 20) (220 Ole 
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The engine operates on the ordinary 2-cycle principle, compressing the air for 
scavenging and charging in the crank case. The vaporizer chamber V, Fig. 594, is 
merely the head or extension of the cylinder and not a separate chamber with a con- 
tracted neck, as in the Hornsby. Oil is injected through the plug N by means of a 
plunger pump P just as the piston reaches the upper dead center. The oil vaporizes 
almost instantly as the nozzle N projects into the cylinder and is thus kept hot. A 
cross-section of the spray nozzle is shown in Fig. 596. K, Fig. 594, is a plunger 
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Fie. 596. 





arrangement by which oil may be injected by hand into the cylinder on starting. 
It can also be used for changing the pump stroke. 

For the purpose of keeping the vaporizer hot, these engines, like the Hornsby, 
are governed by regulating the quantity of oil required per power stroke. The 
governor is shown in Fig. 597 and its action is described as follows in the catalogue 


es ales mages ar on | OS STRESS RESTS, 
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Fig. 597. 


of the company: Frame F is fastened with two studs concentrically to the inside of 
the. fly-wheel. To this frame is hinged the cam ring R which, on the fly-wheel side, 
has a projection B, and back of that, cam projection C. 

Once in each revolution of the fly-wheel, cam C pushes roller A, thus moving oil 
pump plunger P. The stroke imparted to the plunger is gauged by the lever L 
pivoted to frame F. In the middle of lever L is a wedge W, which more or less 
separates cam ring R from frame F. 
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When the engine is started, the full charge of oil is injected, and the governor 
does not act till the normal speed is approached. Under light load, the speed tends 
to accelerate when, by the action of centrifugal tendency, the counterweight H will 
overcome the tension of spring S and thus draw the wedge away from the crank-shaft, 
more or less. Spring E always keeps roller A riding on cam ring R. If, therefore, 
the wedge is withdrawn, buffer G moves away from plunger P, and to that extent 
the effective lift of C is reduced, and with it the amount of oil injected. If, at 
excessive speed, the wedge is entirely withdrawn, spring H can push buffer G so far 
away from plunger P that, even when pushed back again by C, the plunger will not be 
touched, and no oil will be pumved, compelling the engine to come down to its normal 
speed. 

The two concentric slots in frame F allow of making an adjustment when it is 
desired to greatly change the normal speed of the engine, the effect being that the 
time of injection, which is coincident with the time of ignition, is advanced or retarded 
relative to the upper dead point of the crank. For smaller speed variations, the 
spring S and weight H can be shifted.in the holes of lever L. By adjusting the lock 
nuts N of the throttle bar 7’, which limit the stroke of plunger P by means of bell 
crank M, the oil supply can also be diminished and thus the speed reduced by about 
10%. é 

Operating Results. The Korting 2-cycle Engine. There are apparently no_ tests 
available on Korting 2-cycle engines in America. The company bases the rating for 
these engines upon a mean effective pressure of 65 lbs. for producer and blast furnace 
gas, and 75 lbs. for natural gas. In order to prevent pre-ignition at the high com- 
pression carried, 150 lbs., the charge is diluted with cooled exhaust gas. The mechan- 
ical efficiency is from 70-75%,° including the pump work. Engines are able to carry 
about 15% overload. A recent guarantee on a 500 B.H.P. engine running on natural 
gas was 11000 B.T.U. per B.H.P. hour, which corresponds to an economic efficiency 
of 23.1%. 

The Kérting 4-cycle Engine. In these engines, running on producer gas, the 
compression pressure at full load is from 160 to 180 lbs. gauge, the maximum _ pressure 
from 300 to 350 lbs., terminal pressure about 32 lbs., M.E.P. about 65 lbs. The 
mechanical efficiency varies between 82 and 87%. 

(a) Test of 75 B.H.P. engine and producer at the Merrimac Chemical Co.’s 
Works, North Woburn, Mass., made by Professor Miller of the Massachusetts Institute 
of Technology, for the purchaser, and Mr. A. Lebrecht for the company, June, 1907. 
Motor cylinder 17274’, normal speed 170 r.p.m. Fuel used was coke of the follow- 
ing composition: 


INIKOIESTOUREL:S 5 geal oe DD er ee ent eee Wg 
WiC lain emna Lue liamgatan po deh pccons a-aaiteco ose 3.05 
IHRIeKe Clit oUNc | OM We as ren sas Pyne wis sire sou csiel oe 77.58 
INE Slay Oo aaseeeeie, GEER eI 7 PS 
LCA TIM Aes sanders eisatet anarchy cen 13 839 B.T.U. per lb. of dry coke. 


The engine was belted to an air compressor and run continuously for 72 hours at 
full load. Producer was charged regularly every hour, but only twice poked down and 
cleaned out during the run. The gas made carried considerable tar, and the tar 
extractors which were installed near the engine were cleaned at intervals of from 5-8 
hours without affecting the working of the engine. During such periods about } lb. 
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of tar would collect on the screens. The gas was analyzed from time to time, the 
result being shown in the following table: 




















Sample. A B C D 
; ; : 10th, 12th, 13th, 13th 
ee ees ae 11.10 a.m. | 3.20pm. | 9.30 4. | 2.30 Pm. 
Carbon dioxide sme COs meer ts oer eae rena 6.20% 5.60% 6.20% 6.00% 
Oxygen, Dph atta arenas Ui ne cttius iocch pent Re ete eae .20 3.00 * 40 1.20 
Carbon: monoxide CO 42k cs. uene Moe nee ae 26 .80 23 .60 27 .80 26 .00 
Hydrogen, ls Lope an toPY. orate Micka o aaa aa bis She 13.47 12.14 13.33 14.40 
Methane, (Clee Term dann R Erie ch nite 0.10 0.10 none 0.20 
Nitrogen, Nota ead aeu Co aeite boa aot ay TE 53.23 55.56 5927 52.20 
: — {High 142 126 143 143 
Heat value in B.T.U. per cubic foot............ bee isa) 7 119 136 135 











* Gas sample B happened to contain some air. 


On a preliminary run, during which the engine was loaded down by a Prony 
brake, it was shown that for a B.H.P. of 75, the M.E.P. of the cylinder was 64.33 
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Fig. 598. 


lbs., equivalent to 85.7 I.H.P. This shows a mechanical efficiency of 87.5%. During 
the main test the load was obtained by an air compressor as above stated, the air 
being used around the works. Cards taken every 15 minutes during the test showed 
that the load was fully maintained, as may be seen by examining the cards of Fig. 
598 together with the table following. 
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TABLE 91 
CARD DATA FOR TEST OF 75 B.H.P. 4-CYCLE ENGINE 

Carp. A B Cc D 
Dateriaken pi Une yea we ery errs hee cy sore, ite began 10th llth 12th 13th 
A SOSRLS IDI & Bio crer ots Ss od GOR e Cho SIO Eo BOTT 5.25 4.45 4.40 12.45 
Revolutions per minutemrr mac cpe nc sl aac glee eyes sss 172 170 171 170 
MF OSI eonert bar eee amine gsi he Meera ih cise citas el 6d PRaary nots 64.3 66.7 66.0 65 .34 
TUNE GIES 1 6 Ohm ote ololondhe) GAS an Ce eeeL Eee ERO a o re ee 88 .46 88.91 88 .50 87.10 

















The economic results were as follows: 


Deo OMeEU a ee OU TS x01), OS sits Stone ole Wd corse Gl Wala ave 72 
Bn eCe Ve OU Ras Work warts thy us cae Eee ws 75 
eRe Ome MISE OL NOR 9 coe ice cosh ae Satu else coors ale aad alersde 5548 
Cok ew PeumrOur MOS ta. ose 050 ols o5lc mracsle By k's Gehianie soles Govlaveus 77.06 
Volos ap iestiiert, AG. Via 's/.5 0s a, bic dins deans soe maiden 6.7 
Cokenpeta purtac.. pour on test. Ibee 2/2). awash vets dee 1-027 
Cokevpereb. tre hour, suaranteed,. Tbsi..o2.0o. nto 1.200 
Water evaporated for producer, per B.H.P. hour, lbs..... 1.18 


This plant possesses a relay unit of the same size. The engines are changed off 
every 24 hours, although in several instances the shift is not made until 48 hours 
have elapsed. The producers are changed off about once in three weeks for cleaning 
purposes. 

(6) Test of a 200 B.H.P. twin-cylinder gas engine at Petroleum Iron Works, 
Sharon, Pa., Dec. 28, 1907, by Mr. Kelly, chief engineer for the purchaser, and Mr. 
A. Lebrecht for the company. Motor cylinders 194314’, normal speed 155 r.p.m. 
Direct connected to one 125 K.W. D.C. Western Electric generator. The engine will 
eventually run on producer gas, but natural gas is used as long as the supply lasts. 

This test is rendered somewhat unsatisfactory on account of the short time it 
lasted. The following table shows the principal results, the reading being taken every 
five minutes: 


TABLE 92 
Duration of test, 11:20 to 11:50 4.m., min.. 30 (BOs ceed oer .20: 
AV Eray CNOA Wise charmer rece ate inva ieee 143 .22 Oro isi ck eres ae 1.70 
tA -verage doaid me mblelesy a sins s(iaYkainoee costs 192.00 COMM ere cys ket ns oie 10 
Efficieney of generator, %............... 92.0 Average composition } Iluminants....... .40 
ASVELA RS able eeee ymin ther tee oisex si erey ts goles 209 .0 of gas, vol. %, Hydrocarbon vapors 3.40 
Average M.E.P., engine No. 78, lbs....... 70.4 CELI gtr sotto 91.80 
Average M.E.P., engine No. 79, lbs....... 70 .34 | Tlgerest tet. sac "25 
Average 1.H.P., engine No. 78........... 125.8 IN Gore ha iin he eva ena 
Average I.H.P., engine No. 79........... 128.0 Heating value of gas, B.T.U. per { Higher 1055.5 
hotalkavenace Wsevsb saute bi. ctr Wem eect: 253 .8 cu.ft., \ Lower 951.5 
Mechanieal efficiency, 9 2. 0s: . i. 6... eo 82.4 Gas per B.H.P. hour (corrected for meter), 
Gas consumed per hr., engine No. 79, cu.ft. 836 COLGAN eR Rede ORR oo eta! cura 8.83 
Gas consumed per hr., engine No. 78, cu.ft. 1012 Consumption of heat per B.H.P. hr., B.T.U. 8400 
Total gas consumption per hr., cu.ft... ... 1848 Consumption of heat per B.H.P. per hr., 
Bul. cuaranteed parents. sce ecee 9000 
Consumption of heat per I.H.P.hr., B.T.U.. 6920 
Thermal efficiency on I.H.P., %.......... 36.8 


Thermal efficiency on B.H.P., % (economic 
ELLCIEN CY) epsuc teas Ses Sisto tel ouecs one eee 30.38: 
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(c) Test of a 150 B.H.P. producer, gas engine for Penn Hardware Co., Reading, 
Pa., Feb., 1907. 

Twin-cylinder engine 17273’, normal speed 170 r.p.m., but on account of 
trouble with belt tested at 162 r.p.m. Belt connected to 60-cycle A. C. generator. 
The gas was furnished by a 300 H.P. “‘ Automatic ”’ pressure producer. The following 
table shows the main results: 


TABLE 93 
Duratiomiof test; hours 4,5 oss s cates er ee eI Oe ee eee 6 
Asverage Bel Ps 5 yi an cat aie ena eee <r coe e opeTan heme te cn a eT NM Ta ERE aE 148.5 
Awerage TEP. isc sr ore ac feiiencu tea aiceths sic attra ap ones ere aR ee eet 176.0 
Mechanical: efficiency, %..4 tataccuiseny.c ateracs Sa eee ero roe eee 84.4 
Heatingsyalueiofcoall (higher) LW cee ia <cien tieek ener te ete ren aie 11377 
Analysis‘of:coals Moisture, 05 he schare ectieres on a eee rer ai rea ee ae 
Volatileimatteriesecesn cuanto en ene 3.94 
Fixed! carbonic. a iiand Seiwe eat ie ee One ee ae 76.03 
dN) | tee en Ce Oe raat Ss rieie oS ay Setialo oe 18.91 
‘Timevot-ta king: vas samples. src ean oe ae nae et en 10 a.M. 2:45 P.M. 
Composition of gas, volume, %: - COj.-.-.60 2. sce ee eee tee 3.4 2.4 
Oi Sav ice c heel Mie Ot ae 1.2 .50 
COC sae cee 26.0 2129 
1S Poe ene ete nee Oats SES ale 10.27 
Ole Wears Se ts arse 6 Seysar aco 70 .90 
Nidege oo pare eo ine aoe Re 61.58 58 .43 
Heat: value‘ot gas; Bal Ue perveu-ftyy Bucher e.nas aoe 116.6 135: 
ILO Werte choke ein era 113.1 128.5 
Coal consumed per B.H.P. hr., lbs. (including that in boiler)................ 1.24 
Gas per Bibb hrs|(droprholdertest)- CUctt- 1-1: arcatgae eetnctr er eee cna 73.8 
Heat: consumed’ per. B. HP? hr: (Gu gasat -125,8°B- UD) bie sees see 9500 
Heatzconsumed.per Bul Pa br Gn: coal atta BW) pee sere etree 14107 
Mhermal efficiency ‘of enginevon TAP. 4. sets ae ree kctsts) ene le teis -ueue ie) uel 31.6 
hermal eficiency ol envine ons bade. Yo a uae eer evan ee 26.8 
@hermal eticiency,o£ plant oneBeH. P09 piie, see eae eee enn eet ee 18.0 


The last two lines of the table show that the efficiency of the producer was 
18 ame ; noe ; ; 
Ge ae which is fair considering that it was operated far below its normal load. 
The Hornsby-Akroyd Oil Engine. In these engines the compression pressure is only 
from 45 to 55 lbs., the maximum pressure from 180 to 200 lbs., the terminal pressure 
15 lbs., all by gauge. The M.E.P. at full load is from 40 to 42 lbs. 

(a) Tests given in catalogue cf the De La Vergne Co. from “Gas and Petroleum 


Engines,”’ by Robinson. 














TABLE 94 
TESTS OF 25 H.P. 

Load. Maximum. Full. 2% Mj | No Load, 
Duration ef tmal hours)... 21.2.6. oe 3 3 3 2 1 
Ripe) Mea mmr chs clal-isar ie Hct eres 203 202.6 202.4 203 201.5 
M.E.P., pounds per square inch..... sake 45.4, 43.4 31.2 18.3 6 
AMET Pes ora rene mrt tc ok cuentas casas 32.3, 31.0 22.4 1S 4.28 
BLES: SMC ep Pipe Gud Sense ni clere sete 39 26 .74 17.96 Oe eS tees aye 
Mechanical efficiency. .....)....... She 82.4, 86.0 80 69 ari Ace ee 
Oil used per I-H.P., hour, lbs...,.... ee 0.61, 0.63 0.74 0.91 1.34 
Oil used per B.H.P. hour, lbs... .... ae 0.74 0.91 LS OS aL hecrceae 














(b) Test of a 20 B.H.P. engine made by Prof. W. Robinson, Feb., 1905. 
Nermal speed of engine, 245 r.p.m., motor cylinder 11X174’.. Fuel used was 
“‘Russoline ” having a specific gravity of 0.825 at 60° F. 
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> TABLE 95 
RESULTS OF TRIALS OF HORNSBY OIL ENGINE (1905 TYPE) AT GRANTHAM, FEB. 23, 1905 











Power. Full. 34 6 Light. 
Time taken to start...... be ae oOo Cie Se ee ETO ee eMac eo dinl|iee bocce soos 2 |S) eee 
Bra kevhorse powers ieeerrt enti ort ecin cele nee 3 Pica 15.95 10.75 0 
indieatedwnorse-powel eric aeiiaet wars eae ee OCA Ge | cciters Multi Laie 6.3 
Mechamicalietiicien@yg. cleats tensor a es oa OF SO ashe) 2 280s, co 


Or CoNSUMPTION. 


Potaleimmensines Ns ty seuneyies sie cicrs rehclyeie Sie cw Bets 13.5 10.5 8.5 5.25 
Oil per indicated horse-power hour, lbs. ........... ORM mm aiscrete ns Milk” inttco. 0.83 
Oil per brake horse-power hour, lbs............... 0.64 0.66 OO alll alerts 
Oil per brake horse-power hour, pints. ............ 0.62 0.64 O276' = Ait ueaeen 




















No further information is given regarding the fuel oil, but assuming that its heating 

value is 18500 B.T.U. per lb., the oil consumption at full load would correspond to an 
2545 
4x18500 717: 

(c) Fig. 599 shows graphically the results of a fuel consumption test of an 85 
B.H.P. Hornsby-Akroyd engine made in Sept., 1906. 

The cylinder dimensions were 23X28’, the normal speed 160 r.p.m. In this 
engine the piston was water-cooled. The fuel used was Standard Oil Co.’s fuel oil, 
but no further particulars with regard to fuel are given. The best consumption was 
apparently .84 Ib. of oil per B.H.P. hour at 75 B.H.P. Assuming again that the oil 
has a heating value of 18500 B.T.U. per pound, this figure would correspond to an 


2545 
ae Peng ue. 
economic efficiency o .84X 18500 a 


The De La Vergne 2-cycle Vertical Oil Engine. The following averages at full 
- load are representative of this type: compression 89 to 110 lbs., maximum pressure 
250 to 300 lbs., exhaust 50 lbs., M.E.P. 28 to 33 lbs., mechanical efficiency 75 to 80%. 

(a) Test of a 7X73" twin cylinder engine, rated at 15 B.H.P. Engine direct 
connected to 10 K.W. Western Electric Co. generator on same base plate. Normal 
speed 500 r.p.m. Fuel used was kerosene. Tests made April 6 and 7, 1908. 


economic efficiency of 























TABLE 96 

Load Factor. 14% + 34 Mg 4% 2. 
Length of test, minutes............ 15 30 30 20 20 30 
IER PD Die eat peal cae Chars seor cols elec votre 500 507 520. 528 535 545 
WOltst Sawer tccatcebiee Meta wa tee eae hanes 126 120 120 122 120 0 
PATE OLOSIE cet oie aus celaks nue ee nebel-s) Saati 97 83.5 63 44 21 0 
Kol wearttstsane tas sions civir eee secre 12.22 10.02 7.56 5.37 2.52 0 
RlectricalgiiaP a anise Me adaercails 16.37 13.42 10.13 7.19 3.38 0 
Wevelopeduel. Peery se eye ce veeeree 19.5 15.8 12.08 8.88 4.5 0 
Generator efficiency, %............ ; 84 85 84 81 75 0 

; 3 lbs. 5 lbs. 4 lbs. 2 lbs. 1 lb. 1 lb. 

Wotaliou used te smciats = ecsrearontys els Wh ees yaa Oa ee 1362. hee 
Oil newhourelbs. osha Ph ise css 15.75 10.5 9.12 Wa 5.44 3.88 
Oillperi Wi. hours baits 2. i538} 1.05 1.2 1.4 2.16 0 
Oilsper Vee Pho ural bsite cece) e 0.96 0.78 0.9 1.04 1.6 0 
Oil per delivered H.P., lbs.......... 0.81 0.66 0.76 0.86 1821) 0 
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The best consumption is 0.66 lbs. of oil per B.H.P. hour, which, with the assumption 
above made regarding the heating value of the oil, indicates an economic efficiency of 
2545 
.66 X 18 500 

must be pronounced very good. 

3. The American Diesel Engine Co., New York City.! The Diesel engine, as 
made by the Vereinigte Maschinenfabrik Augsburg, represents the German type and the 
method of operation, together with some results obtained, have already been discussed 
cn pp. 362 to 366, to which the reader is referred. This engine is to-day made by 
licensed manufacturers in nearly every country in Europe, and by the above named 
firm in this country. In all cases the engines built by the various manufacturers of 
course operate upon the principle already described, but the mechanical details of 
the various constructions differ here and there enough to make them distinct from 
each other. Thus the main point in which the American Diesel engine differs from 
the European types is in the use of the enclosed box frame. The others, to the 
writer’s knowledge, all use the open A-frame.2 There are also the minor differences 
in the methods of obtaining compressed air, governor details, valve construction, etc. 

Plate XXXI shows the general assembly of a triple cylinder Diesel engine as 
built by the American Company. The base of the machine is a single casting com- 
pletely enclosed, so that splash lubrication may be employed for crank-shaft bearings, 
connecting rod bearings, cam shaft and cam rollers. The cylinders are cast in one 
piece with the jackets, the whole being secured to the box pedestal as shown. The 
cylinder head is a simple casting, containing a relief valve in the center of the head, 
while admission, exhaust, and fuel valves are located in a chamber at the side. Both 
admission and exhaust valves are of the simple poppet type. The admission valve 
works downward and the exhaust valve upward. The latter is not water-cooled. All 
of the valves are operated by push rods, the exhaust valve directly, the admission 
valve through a lever pivoted to the admission valve housing and the fuel admission 
valve, which acts horizontally, by means of a bell-crank. All of this will be clear 
from a study of plate XXXI. 

Fig. 600 shows the valve construction in greater detail. The admission valve is 
held in a separate cage so that the seat may be easily taken care of. It closes 
against a small dash-pot located in the top of the housing for the purpose of reducing 
both noise and shock. The exhaust valve has no removable seat, but itis of such 
dimensions that it may itself be easily removed through the admission valve cage 
opening, giving opportunity for grinding the seat whenever necessary. The relief valve 
in the center of the head is usually set to open at about 800 lbs. per square inch and 
acts as asafety against undue pressure caused by premature ignition, etc. The former 
may occur when the fuel valve has accidentally stuck, admitting oil to the cylinder 
during the compression stroke. 

The fuel valve, through which oil is admitted to the cylinder after the charge 
of air is compressed, is a very important part of the engine, and its construction is 
shown on a still larger scale in Vig. 601. Plate XXXI shows the location of the oil 
pump at the right hand side of the crank case and the manner of operating it by 


=20.8%. This figure, considering the high speed and small size of the engine, 


1 Since the writing of this article, the American Diesel Engine Co. has been bought by Mr. Adolphus 


Bush. The main offices are now at St. Louis. 
2See an article by R. Diesel, in the Zeitschrift d. V. D. Ing., 1903, p. 1366. 
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means of spur gearing from the cam shaft. From this pump an oil supply pipe leads 
to the oil valve shown at the left of section A-B, Fig. 601. From here the oil finds 
its way into the atomizer in the interior of the bushing held in the cast iron fuel 
valve cage. Both air and oil connections are screwed into this steel bushing so that 
the valve cage does not have to stand high pressure. The fuel admission valve itself 
consists of a nickel steel needle which carries a cast iron spring case on its outer end. 
Normally the spring forces this needle against its conical seat, but as the fuel-valve 
cam commences to operate, the bell crank shown pushes the needle to the right 
against the spring and opens the valve. This happens about the time that the 







CHECH VALVE —- ea 





OASHPOTF PLUNGER 


DASH POT 


. SECTION 
CYL/INDEP HEAD & 
VALVES. 





ZD 
Y 
4 

Ma 






a 
lal es 
tis Bi 

= 
3 







WIGH PRESSURE AIR PIPL 





a 
i € 


(Se 


tl 
2r2 


[gemene WATER OUTLET P/PE 


Na Q 


SSS 
eA teh) 
ll CADALEDE-APSL 


{a 
Nias 


RS 










FUEL VALVE NEEDLE 





i““f 3 
Ti 






















cools WATER LH) A V7 
8Y-PASS H 4 


| 
i 
Ss 











fl 









FUEL VALVE 
BELL CHAN 








Fic. 600 


main piston reaches the upper dead center on its compression stroke, and highly 
compressed air from a storage tank then rushes through the atomizer and forces the 
oil out into the compressed cylinder charge. In order to keep the needle cool and to 
keep the oil from carbonizing in the atomizer, water is circulated in the space between 
the steel bushing and the walls of the valve cage, both inlet and outlet pipes being 
shown in Fig. 601. 

Diesel engines are governed not by controlling the length of time that the fuel 
valve is open, but by adjusting the effective delivery stroke of the oil pump, and 
hence, except for minor variations in the setting of the fuel valve depending upon the 
kind of oil used, the lift and time of opening of all of the valves once set is always 
the same. Fig. 602 shows the method of setting the valves and the time of opening 
and closing, the lift being controlled by the fixed cams of the half-time shaft. 
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The fuel pump with its governor is shown in Fig. 603. This shows a cross-section 
through one of the pump cylinders, there being as many pump cylinders as there are 
power cylinders. The pump plunger is actuated by a simple eccentric and strap, and 
its stroke is therefore constant. By means of a short horizontal arm and nearly 
vertical rod, the plunger is connected to a ‘‘pump suction valve eccentric lever ” 
which, in conjunction with the fly-ball governor, controls the motion of the suction 
valve. At full load the governor sets the fulerum about which the eccentric lever 
turns so that the suction valve opens when the plunger has completed half of its down 
stroke. The suction opening increases until the plunger has reached the lower end 
of its stroke. On the up stroke the valve is not closed until again half the stroke is 
completed, after which that part of the charge remaining is then forced through the 
double ball check valve and into the engine cylinder. The reason for keeping the 
valve open for half stroke each way is to let the oil free itself from air which it is 
very apt to entrain, and thus to deliver solid oil only. Under no load the governor 
so changes the motion of the eccentric lever that the suction valve is open practically 
during the entire up and down stroke of the plunger, so that little or no oil is 
delivered to the fuel injection valves. Between these two extremes of course the 
effective delivery stroke of the pump can be made anything to suit the load. 

The high pressure air used for injecting the fuel is usually obtained by inde- 
pendent compressors discharging into steel storage tanks. The air for starting is also 
obtained from this source. The pressure of the injection air should vary with the 
load on the engine, for half load or less it should be from 50-60 atmospheres, above 
that load from 65-70 atmospheres and for overloads 75 atmospheres is safe and 
permissible. 

The use of independent three-stage compressors in place of two-stage compressors 
driven from the engine is considered a distinct improvement over European practice. 
In a two-unit plant for instance, two independent compressors, one used as a relay, 
offer much greater security against a shut-down from lack of air than two engine 
driven compressors. This advantage is more pronounced as the number of units in 
the plant grows. Thus in a plant in Florida, three compressors serve to supply 12 
engine units, and the failure of any one of the three can not possibly effect the 
operation of the engines. Another important point is that such a system allows of a 
cool air supply to the injection valves, which helps to prevent the carbonizing of the 
fuel oil in this valve. 

To start the engine the fuel-valve cam on one of the cylinders is pulled over so that 
the fuel valve on that cylinder is closed and can not be opened. Instead of this the 
same operation brings into action a cam which controls a special starting valve on 
the same cylinder. The engine, after the crank-shaft has been brought into proper 
position, is then started by admitting compressed air to that cylinder. After one of 
the other cylinders is heard to obtain an ignition, the cam lever is returned to its 
former position, when the starting cylinder will also take up its regular cycle. 
Previous to starting the fuel pump must be operated by hand for a few turns by 
means of the starting wrench and pinion shown in Fig. 603, the pinion meshing with 
a gear on the pump shaft when the starting pin is pulled up (see the drawing of the 
cam shaft on Plate XXXI). The oil so pumped is discharged through an overflow, 
the purpose. of this being to work all of the air out of the oil and to insure that nothing but 
solid oil is delivered to the fuel valves. 

The following table shows some details of Diesel engines at present regularly 
constructed by the American company: 
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TABLE 97 


ALL WEIGHTS ARE IN POUNDS 











NGS GE iF Weight Weight of |Total Weight/Total Weight 
Cylinders. eae spay poe io Ply-wheels | Bie er F ohare Envine. 

3 104” 15” 240 {85} 18500 2 2700 5400 23900 

3 12S S 12 220 120 27000 2 5900 11800 38800 

3 TA Seoul 200 170 55000 2 6900 13800 68800 

3 1625247 164 225 65000 i 15640 15640 80640 

1 16 e247 164 75 28600 1 11800 11800 40400 























A lay-out of two 225 H.P. three-cylinder engines driving a 300 K.W. generator, 
giving some further information regarding dimensions, is given in Fig. 604. In some 
installations of this type the rotor of the generator is made to act as a fly-wheel, 
which tends to shorten the length of the plant to a small extent. 

Finally, Plate XXXII gives a complete layout and piping plan for three 150 K.W. 
engines. 

Operating Results. (For results with Diesel engines of other makes, see p. 363.) 

The number of tests available on American Diesel engines is quite large, and 
consists partly of acceptance tests made usually by the company’s engineers, of 
operating reports received from a number of plants in commercial operation and a 
few tests made by independent observers. Except in one or two instances, nothing 
is stated concerning the heating value of the oil used, although the rest of the 
information is quite complete. Where efficiency computations are made, the writer 
has assumed the heating value of the oil at 19000 B.T.U. per lb., except where 
otherwise stated. This is in most cases not far from truth, and in any case it is 
intended to show merely about what Diesel engines are doing as compared with 
other internal combustion engines. 

(a) Acceptance Test, Nov. 8-13, 1907, Perth Amboy.  Triple-cylinder engine, 
16X24”, 164 r.p.m., rated B.H.P., 225. Engine had two fly-wheels, one 8’ 6/710”, 
and one 7’ 8’’<8’’.. Load obtained by brake on each wheel. Kind of oil, distillate. 




















Load. Duration, Hours. R.p.m, B.H.P., Net. pu eee ee | oe eee 
ae | 
4 2 173.5 76.1 60 8.4 22.3 
z 2Z 168.6 151.4 47 6.6 28.5 
Full 2 165.8 PPA St 45 6.3 29.8 
Full 10 164.8 226 .3 44 6.2 30.5 
Over 4 161.9 PAN Cay .43 6.0 3123 




















The engine did not drive its own air compressor. The allowances made at the 
different loads for this were as follows: 


PML OE Caterer dear Puente te awl otters was Mew Galen eters We Gy 1eU Ae 
PROG Rey er erty citi ciaalncaeraeecalses Be 18.4 
IE oll Teese Petoce aoe nes eee nt As atte Alter 19.3 


Overs OACie perme. eR ea tre ean ee fs. 6 Lone 
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(b) Acceptance test, Feb. 9-13, 1906, Bellefontaine.  Triple-cylinder engine, 
16X24”, 164 r.p.m., rated B.H.P., 225. Load on engine obtained by generator belted 
to countershaft. Engine drove air compressor belted to countershaft. Kind of oil, 
distillate. 











: - E Oil, Gallons per} Efficiency of Economic 
Pe ero te) Bees Ree woke |) TO RIEE, } Genesio | Eblcigney, 

4 2 90.5 G53 .950 7.98 74.0 24 .2 

% 2 161.0 164.0 .463 6.38 Soro, 28.9 
Full 2 232 .0 163.0 453 6.24 86.5 29.5 
Full 10 232.0 162.0 445 Gals 86.5 30.2 
Over 4 2515.0 167 441 6.08 87 .0 30.5 























| 
| 





Exhaust clear on all tests. 
(c) Acceptance test, May 2-5, 1906. Triple-cylinder engine, 16X24’, 164 r.p.m. 
Kind of oil, distillate. 














Pees lp Paver dle 2 Bar. Rpm. | Brdsper | Whoo BALE | tency 
$ 2 87.4 USED .558 | 7 5) 23.9 
% 2 156.7 168.9 .462 (O 29.0 

Full 2 224 .0 164.8 452 Gel 2950 

Full 10 224 .0 167 .2 453 6.1 29.7 

Over + 254.0 163 .6 .459 6.2 29.2 

















Engine drove air compressor. 
(d) Acceptance test, Dec. 22-26, 1906. Triple engine, 16X24’, 164 r.p.m. Kind 
of oil, Whiting fuel oil; weight, 7.42 lbs. per gallon. Heating value, 19 500 B.T.U. per pound. 





























> 

F g Oil, Gallons per Economic 

Load. Duseton, BHP, R.p.m. Pei emuce Der 100 B.HLP. Rfficieney, 
4 2 90.5 72 .5d6 Wao 235 
% 2 162.9 166.8 481 6.5 DA ae 
Full 2 230.3 165.4 .470 6.33 28 .0 
Full 8 230.9 165.9 Ge 6 .02 29.5 
Over | 4 Q5Sno: 165.5 .476 6.42 27.6) 





Allowances, experimentally determined, made for air compressor which was driven 
by motor: 


Lp OCS REL, Rn a a ee ae WS) ele 
a Peer oho ei ote tare Rare Sy Ree in tHe 15 
TERGHUIE AGRE lieing we eens aaeiate te eA tee Re 22 


DV ETLO A Ca teerne ere eee owe Nees Sie oten tay ates vty rhe eae 
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Exhaust was clear on all tests. 

(e) Acceptance, July 30 and 31, 1907. ‘Triple-cylinder engine, 1624”, 164 
rp.m. Kind of oil, Whiting fuel oil, weight=7.47 lbs. per gallon. Heating value, 
19 500 B.T.U. per pound. 











. Oil, Gallons per Economic 

Toad. yl ame ure B.H.P. R.p.m. Oil Bounds per 100 BLP. Eifciency, 
z 2 83.1 168.1 .558 7.47 23.3 
2 2 157.8 166.8 443 5.93 28.7 
Full 2 228 .4 164.5 .440 5.89 30.0 
Full 8 227 .6 164.1 -452 6.05 29.2 
Over 4 254.9 162.3 .450 6.02 29.3 




















Air compressor driven by motor. Allowance made for this: 


NO QO Seether atc cites tee We a eae oP ee We else 
ORK Hehe nA arn ai istao  Ycaomate pS 19 
Hal loadivse Bek Re es aa vee Se ee ee 20 
Overloads ad Sess Rey es eat eae ee eg ea 21 


The average of the above five tests on the 1624” three-cylinder engines seems to 
indicate that with crude oil we may expect the following results: 








TABLE 98 
Economic Efficiency, 
Tina Oil, Pounds per B.H.P. Per Cent. 
AEs Hour. (Heat. Value taken at 
19000 B.T.U. per lb.) 
4 .564 230d 
2 464 28.8 
Full 447 30.1 
12% over 451 29.7 











(f) Plant record, Traction Terminal Building, Indianapolis, Ind. Equipment: two 
- 170 B.H.P. engines, (aren: -cylinder, 14X21”, 200 r.p.m., two 120 K.W. D.C. generators. 


Total K.W. hours for January and’ February, 1906. ... 105 230 

Total oil used for January and February............. 11 009.5 gallons 
A Vetere Gimo watts (Per Gays \sc- + .alocs © ete Gs ame 1783 

A VERA PON POLE Viet & riltes cs ake do elelo bers Comers toere 185.4 gallons 
Averagecou «per  LOORTC Wi Shours. 2.0.00 ...c mate oe 5 oa. 10.4 gallons 
Average oil per IK SW = OUI. os cnt. pasts mrab ees « . 104 gallons 
Average cost per K.W. hour, at 3 cents per gal. for fuel. 3% mills 
RatedstGws. capacity ol plant) see she aa, ora os 240 K.W. 
Averacenialowatts. per Woutita. cr.2 codes oerev mario sity 74.3 K.W. 
IAVRTA GE SOA, TACEOL soa oe -scone «ssa, Asse stant ania ate mecha sc tnt one 30.54 % 


‘Load: 8 electric elevators; 15 arcs; 3000 inc. lamps connected; 100 H.P. in motors. 
(g) Plant record, Citizens Electric Light & Ice Co., Lebanon, Ind. Equipment: 


‘One 225 B.H.P. 3-cyl. engine, 1624”, 165 r.p.m. 
One 120 B.H-P. 3-cyl. engine, 1218’, 225 r.p.m. 
One 150 K.-W. A.C.’ generator Gannon, seemelal 
One ~ 85 K:W. A.C. generator [ ~PO™MICS ™ Pataer, 
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Plant operates 24 hours per day, but day load is very small, not exceeding 5 K.W. 
Results for period from Feb. 11, 1906, to Feb. 28, inclusive. 


BE OL AML WALD OUTS.A0: «da rishoas id eee 4 27 850 
ovale used: Bis fais ae oe Su dars.da ioe oo 3 339 gallons 
AI GOEL ECOL UNS SG erie ee a a SR 12 gallons 
Coscsoneiuel per: H.W. -2 sini «sknaick hehe’ 348, mills 
OAeeteVACLEPIANY. 5 oa: zstsin aula cle ruil dele 235 K.W. 
NCEE REE Ss ys! uke Mops is Lie aoa nhs PO 63.6 K.W. 
IVvormae load) Actor. * uch 1 9... 20hate Shee 27% 
Load 
NAME EDDC ATCS Es cys cdi) aboard es 95 
PUM LS PULVALO ATOR sh. aera a khye pence ail ape 29 
Number incandescent lamps connected... 6000 
Motorscont day ‘Circuits cis o2eec oes oh is S iP: 


(h) Plant record, Wayne Paper Mills, Hartford City, Ind. Equipment: 


Two 225 B.H.P. 3-cyl. engines, 1624’, 165 r.p.m. 
Two 150 K.W. A.C. generators operated in parallel. 


Plant operates 144 hours per week. 
Record for period covering 18 consecutive days. 


ORAS NIM EROUTS Sty ht, aicesadle nc iccsiouetn le S NL. UPR Rh 91 753 

cyber IOMMmn Chae IMM times 5 ii,s1215 acaca hide ara wa ee ROE ER 8 831 gallons 

INV REO mL CONV ICL CAs. lc 'a/old 5 to tinoadoie ak ate Mtoe ao 5 609.6 

AV CLO OC MOUMDOR CANS 6G: wagons ape eked Fle Sea 552 gallons 

PAV CEE e POM MOOR LOO WG VV yg. 5 Bu tee a) soe afield wef mis Sauemtyy oh 9.84 gallons 
PAV VCO MOUN RIOTS: ECW vied vs. glnoy so ele w) Gvcol in imie atst sy soos Ape .0984 gallons 
Average cost per K.W. with oil at 3 cents per gal. ... 2.9 mills 

AEN te Lt CANOAGKH var PATIL <2 tla ahs SosslSao ahs «ssw ageless needs Saks Sale 300 K.W. 
Averages K-Wevper hours as. 4.5.5: PSDP SAD FeO Su 223-09 

AVC ENO a OUT eHODT Mime Veitch ne low. at SD ea ease 77.8% 


Cost, of fuel per B.H.P. at engine, electrical efficiency 90% 2 mills 


Load consists of induction motors of various sizes. Total installation about 500 B.H.P. 
(1) Acceptance tests made on a 170 B.H.P. three-cylinder engine at Camden, N. Y., 
after one month of service showed the following results:! 














Gallons of Oil per Hour Pounds of Oil per Hour } F 
Trond s Economic Efficiency, 
EN Per Cent. 
per K.W. per B.H.P. per K.W. per B.H.P. 
1 164 110 1.21 815 16.4 
4 .112 .076 83 .562 24.0 
2 FLOW .068 TAT -503 26 .9 
Full .101 .068 TAT ~ ,603 26.9 











1 Hlectrical World, June 2, 1906. 
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To determine the brake horse-power from kilowatts, the writer of the article assumed 
a uniform efficiency cf 90%. This is probably tco low at the rated load and too 
high at the lower load. The last three columns have been added by the present 
writer assuming the cil to weigh 7.4 lbs. ‘per gallon and that its heating value is 
19000 B.T.U. per pound. i be 

(k) Tests made on one 225 °B.H.P. three-cylinder engine at the plant of the 
Kimberly & Clark paper mills, Kimberly, Wis. Engine drives one 150 K.W. A.C. 
generator. Tests were made by the Sargent Engineering Co. The figures in the 
following table give some idea’ ‘of the fuel cost of compressing the air used for 
injection, together with some other data lacking in any of the other tests so far 
quoted. In this plant one unit of 120 B.H.P. was used to drive the air compressors 
for 900 B.H.P. of main engines. The table charges the 225 B.H.P. unit up with the 
proportionate part, that is one quarter, of the oil used in the compressor unit. 























TaBLE 99 
% 4% 34 Full. Over- 
Load. Load. Load. Load. Load. 
Hate OLeTUM anne erent pte cstctes eo ieseketon recite mek emma: 1—5-06 1—5—-06 1-5-06 | 1-13-06 | 1-13-06 
engthvoferuneinshoursiper nas jeter te erie 1 2 2 4 5 
Revolutions per MIMUte a. jy os as: sels wes eee ae 179.1 i ideeel 174.5 169.1 161.2 
Brakewhorse=pOwereecmea swear cai scns eae eee 68.15 | 133.7 194.9 249.7 263.8 
ilectricshorse=POwertcets. as seen alte eee 54.5 113.6 170.6 224.8 237.0 
ASLO WALES cre a tote ee to cid Cacseckaes dee eee eS 40.7 84.8 127.3 167.7 177.2 
Pounds of fuel oil used in main engine per hour...... 42.75 7 ail 82.5 106 .37 126 .66 
Pounds of fuel oil used in compressor unit per hour... . 40.5 35.6 35.87 38.93 38 .33 
One-quarte. oil used in compressor,unit per hour...... 10.12 8.9 8.97 .973 9.58 
Total pounds of fuel oil used per hour.............. 52.87 66.0 91.47 116.1 136 .24 
Pounds of fuel oil used per B.H.P- hour. ............ .776 493 .469 464 .516 
Pounds of fuel oil used per E.H.P. hour. ............ 97 .580 .53 .516 .573 
Pounds of fuel oil used per K.W. hour.............. 1.29 .778 .718 .69 std 
Pounds of jacket water per hour ................-.. 2033.5 | 2528.3 3324 | 3894.5 5306 
Pounds of jacket water per B.H.P. hour............ 29.5 18.9 INP f eth 15.6 20.1 
Average temperature inlet water................... 34.0 34.0 34.0 38.8 40.0 
Average temperature outlet water.................. 126.6 135.5 137.9 180.0 170.0 
BSEU. spersBeE Pe ho titeene: i. staeaie, «ssc reme cbatagehe 15103 9594 9127 9029 10041 
BSUS per EabaP iho litres sopra seein. siren 18877 11287 10314 10041 11151 
2545 
1 b é 22. 24. 
Thermal eff. of engine and dynamor a. pore 13.4 | 22.5 4.6 25.3 22.8 
; p 2545 
Se ee eee J 
Thermal efficiency of engine Bi ern pe 16.8 26.4 27.8 28.1 25.3 
Percentage B.T.U. in water jacket... ............ ae 18.2 20.0 19.5 24.3 26.0 
Percentage B.T.U. in exhaust, radiation and engine 
frictions eee tee aie e ea igor: 65.0 53.4 O2e 47.6 48.7 
Percentages Bul Urine (kPa lan? scene see ee ec 16.8 26 .4 27.8 28.1 25.3 
Pounds-ofroil pers O0PB Hee: hours reer een eee 77.6 49.3 46.9 46.4 51.6 
Gallons ‘oikperslOONBSHeE hours anes. cee kie serie aeons 10.6 6.7 6.4 6.3 7.0 
Callonsiollipersl OOM Werholirs ys. mee ener eae 17.6 10.6 9.8 9.4 10.5 
Fuel cost of 100 B.H.P. hours in cents with oil at 3.64 
centsiperccalloniyeracg ratte hens 23. nad eee Sea ee 38 .6 24.5 23.3 23 .0 25.6 
Huelicost of HOORKEWe hoursscentsa saree ee ee 63.0 38.5 35.6 34.2 38.2 




















(2)! Tests made on the plant of the Prairie Pebble Phosphate Co., Mulberry, Fla., 
by Mr. R. E. Ludwig, between Feb. 7 and July 2, 1908. 


+See Electrical World, Oct. 3, 1908, for description of plant. 
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This plant consists of 7 units of 450 B.H.P., each direct-connected to a 300 K.W. 
Allis-Chalmers-Bullock alternating current generator. Each unit is composed of two 225 
B.H.P. engines, standard dimensions, as shown on Plate XXXI. The generator is of 
the three-phase revolving field type operating at 60 cycles, 2300 volts, normal speed is 
164 r.p.m. Each engine also drives a belted exciter. 

The compressed air is furnished by five compressor units of the three-stage type, 
each unit being geared to a 75 H.P. Allis-Chalmers induction motor. 

Each unit was tested separately, the load being obtained by water rheostat. 
compressors were not driven by the unit under test but from the general bus-bars. 

The oil used was desulphurized Texas fuel oil having the following characteristics. 


The 


LOL Beit TUS ae a A . 8689 
DiporeaatonsatcOU. Mo Ws. sola wGier o> oe eee oe 7.238 
ERIC an  CMEM UMM Gta ct. Syste, et. -g.s yas el alae Kashs (Rat won he Coes 150 
NVECICES 2. 6 C2 5805 OG Aen er ee None 
SUED MMr War Gebers ae ttc ca's Taurey jo Ms + 4 Hee acteh Pecwike Wp a "teve ake 
JN GIDE hep hn Pied Sita a Uta ES a em None 
Meniicealicmi. dU. pers Lb. . oes ag oes ok ence a 19521 


The oil consumption tests on Units 2, 4, 6 and 7, resulted.as follows: 























Oil Used per Hour. Oil Used per 100 K.W. Hours. 
Unit No. 
Full Load (315 K.W.). Half Load (160 K.W.). | Full Load (315 K.W.). Half Load (160 K.W.). 

2 196.6 Ibs. 100 .25 lbs. 8.62 gals. 8.66 gals. 

4 187.38 ‘‘ LO2ZES Su22ee 8.88 ‘‘ 

6 LOSES. LOZ Oe Smoum Se Ola 

7 UST EO Tver O22 oe 8220) = rats 
Average 191.63 lbs. 101.89 lbs. 8.403 gals. 8.80 gals. 














The efficiency cf the generatcr was given equalto 93.3% at full load, and 90.10% 
. The quantities fcr this plant were based on brake horse-power and 


at half load 


cover the cil consumption of the compressor, but not that of the exciter. 


figures in the above table must be corrected. 
The compressor power was found to be equal to 30 H.P. The exciter power 


consumption was determined at 8.7 K.W. or 13.7 H.P. 
credited with the latter amount but should be charged up with the former. 


Hence the 


The engine unit must be 


The net 


deduction is therefore 30—13.7=16.3 H.P.=12.2 K.W. at the switchboard. The same 
allowance was made for both full and half loads. 
efficiencies the results were next reduced to the contract basis with the following 








With the aid of the above generator 








showing: 
Gallons of Oil per 100 B.H.P, Hours Pounds of Oil 
Load. Net B.H.P. per B.H.P. Hour 
From Tests. Guaranteed. from Tests. 
315 KOW., Fulles, .. 435 .4 6.08 8.0 .440 
160 K.W.., Half..... 219.9 6.40 9.5 .465 














Economic 
Efficiency, 
Per Cent. 


29.7 


28 .0 
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The last two columns were added by the writer by aid of the data given above 
for the oil used. 
Unit No. 4 was also tested at various other loads with the following results. 











. . 7 : Oil per 100 . Economic 

Load, KW. | Hours” (tours, Gallons, | NetBILP. | BLP, Hours, | OUCur Hips” | Eifciency, 
0 BG: AO0) got To FRR a ose ll ee me anit tA ee 
80 hoo 13.36 107.4 9.94 P30) 18.2 
160 102 .80 8.88 219.9 6.46 .468 27.8 
240 147 .33 8.48 330.8 6.16 447 29.2 
SLO, 187 .388 8 .22 435 .4 5.95 .432 30 .2 
330 202 .00 8.46 456 .6 6.11 4438 29.6 
340 211.00 8.58 470.0 6.20 449 29.0 

















Tests were also made to determine capacity and regulation. The average cf all 
the capacity tests on the 7 units showed that the average maximum load carried 
was 473 B.H.P., which corresponds to an overload capacity of 5%. The regulation 
tests apparently consisted merely of determining the full and no-load speeds, the total 
difference between these two extremes was guaranteed not to exceed 10 r.p.m., or 
about 6%. The average total difference found on the tests was 8.5 r.p.m. or about 
5.2%, all of the engines individually meeting the guarantee. 

(m) Tests made on a 450 B.H.P. unit direct-connected to a 330 K.W. AC. 
generator in the Silver Lake Power Plant at Pittsfield, Mass. The tests were made 
under the direction of Sibley College, Cornell University, by Messrs. A. Kennedy, 
J. L. Robbins, and M. duP. Lee, in April, 1907. 

The auxiliary machinery consisted of a 15 K.W. D.C. exciter belted to an A.C. 
Stanley electric motor of 33 H.P.; two three-stage Norwalk air compressors belt 
driven by 25 H.P. Stanley electric motors; and a triplex Gould pump belted to a 
5 H.P. A.C. motor, to supply jacket water. 

The engines were of the same general dimensions as the 225 B.H.P. mazhines 
already described. For the purpose of the test, one half of the unit was disconnected 
and the other loaded by the generator, putting on service circuits as required. This 
of course made the generator operate at all times far below full load, but for the 
purpose of this test the generator was used merely as a brake, a calibration curve 
furnished by the Stanley Co. being used to reduce the K.W. output to the horse- 
power basis. 

The crude oil used on the test was examined by Mr. B. S. Cushman of the 
Chemistry Department of the University, and showed the following characteristics: 


Composition, C=86.97% by weight 


H=12.50% 
S807, 
O= 328%, 


Heating value =19 272 B.T.U. per lb. 
Sp. Gravity at 60° F.=.8776 


The following table shows the results of the tests in detail, and but little explana- 
tion is needed. The indicators gave unreliable results when the engine was running 
at about $ load, and this data is therefore not recorded. The reason for this appar- 
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ently was that each cylinder obtained an ignition only now and then, the injection 
air driving the cylinder the rest of the time. As a result the indicator cards_at this 
load showed scattered expansion lines, and it was not possible to get the I.H.P. 
accurately. For the remainder of the tests the cards were quite normal. 

During normal operation the water used to cool the oil-injection valves was sprayed into 
the exhaust pipe for the purpose of keeping it cool. In order to determine the real 
exhaust gas temperature, this water supply was cut off several times for as long a period 
as appeared safe, hence the two lines recording exhaust gas temperature in the table. 

An attempt was made to determine in two ways the ratio of air to oil used, 
from the analysis of the exhaust gas in conjunction with the analysis of the oil 
and by means of the volumetric efficiency of the cylinder as found from lower loop cards 
taken on each run. The results of these two methods of computation are also given 
in the table. Neither method is quite correct, since on the one hand uncertainty 
exists as to the temperature in the cylinder at the end of the suction stroke, while 
on the other no means was at hand to analyze the exhaust gases for unburned fuel. 
Attention is called, however, to the fact that at the high loads the agreement is close. 
The air theoretically required to burn each pound of the kind of oil used was 15.3 
Ibs., hence the air excess in operation was at least 55% at the highest load. 
































TaBLeE 100 

I II Ill its Vv VI 
Diiirationy MINWIES wie ee cle eine wie or 100 90 90 70 | 110 60 
Barometer, inches Hg.............. 29.28 29.28 29 .28 29.28 29 .28 29 28 
Output POMETALOT, MAS Weis sctecely sia eis 26.61 58.53 85.39 116.26 146 .37 162.51 
WAG UENS 6a Resins, Sistem ania cc Ocean enc Ton 2362 2424 2418 2443 | 2450 2438 
INIDPOLES ec ascaeho se eleleyeete sive sts) sug is ards 20.16 33 .35 45.51 63.72 76.49 81.46 
Powertactor 0. derkiranea cis ons os 55.7 69.0 aS 74.5 78.2 81.8 
Generator friction, wind., ete., K.W... 9.8 10.2 10.1 10.4 10.42 10.4 
Armature loss, KW. oc foaasct ees .104 .29 544 1.08 | 5G iL atte 
Total generator loss, K.W......-...- 9.9 10.49 10.64 11.48 11.98 WEE i Le/ 
Efficiency generator, %.... ss sevens 72.8 84.3 88.5 90.5 91.6 92.0 
Engine output, gross, K.W.......... 36.51 69.02 96.03 127.74 158 .35 174.68 
Engine output, gross, H.P........... 49.0 92.5 128.9 171.0 212.2 234 .0 
Iniput. comp. motor KW...) <5. 16.0 15.58 15.54 15.6 15.8 15.54 
Efficiency comp. motor, %.......-5- 87.5 87.5 87.5 87.5 87.5 87.5 
Output comp. motor, K.W.......... 14.0 13.62 13.6 13.64 | 13.8 13.6 
Input pump motor, K.W......6..... 2.79 2.72 2.8 2.9 | 2.8 vay) 
Efficiency pump motor, %.........- 80 80 80 80 80 80 
Output pump motor, K.W........... 2.238 2.18 2.24 2439 2.24 2.16 
Out. comp. and pump motor, K.W.. . 16.23 iWoyats} 15.84 15.96 16.04 15076, 
Engine output, net K.W...........- 20.27 53.22 80.19 111.78 142.31 158 .92 
Wngiwe OWbOUb ne telienir. «ie visi sie 27 15 71.4 109.7 149.6 191.0 213.0 
Jacket water, total cu.ft............. 68.4 89.6 ilaley a 96.8 201.0 69.0 
Jacket: water, totalplbsyicec. ca ccc. ec 4260 5600 7060 6040 12550 4300 
Pounds water per hour............. 2560 3735 4710 5175 6850 4300 
Temperature water entering, ° F. .... 50.3 Si ros 52 52 52 53 .47 
Temperature water leaving.......... 108 110.7 114.45 119.3 124.1 179.6 
Water temperature range........... Ly GaKs SO wa 62.45 67.3 G21 126.13 
Temperature room and supply air... . 66.5 67.9 68.15 68.15 68.2 69.3 
Temperature exhaust gas with water . 255 .0 _ 345.0 375.0 465.0 498 0 645.0 
Exhaust gas range with water,° F....] 188.5 270k 306.85 396 .85 429.8 by awe f 
Temperature exhaust gas, no water...| 257.0 360.0 412.0 525.0 642.0 705.0 
Exhaust gas, range, no water,° F..... 190.5 292.1 343.85 456.85 573 :8 635 .7 
Specific heat exhaust gas............ . 2410 . 2418 . 2432 . 2442 . 2457 . 2479 
Oxlivo tall bsices cearctererectammicssss aeroersie s 63.06 67.1 85.75 86.1 166.0 108.3 
QuGpersminii tes) bstemantteiesiesras irc = .6306 7455 95277 1.23 1.509 1.805 
Oillper hour. Ibsen ss. 37.84 44.733 (57.166 73.8 90.54 108.3 
Revolutions per minute ...........+. 167 .57 165.8 166.0 167.0 167.7 167.0 
Air tank pressure in atmospheres... .. 65.9 67.2 68.0 71.8 73.5 71.85 
Air tank pressure’! Ibse sediewnrces «6% o> 969 | 989 1900 1055 1080 1057 
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TaBLE 100—Continued 























I Il Ill IV Vv IV 
air 
Ratio 5 by weizht, from exhaust gas 
oi 
ADBLYSISy, m Meureetce terse rehasieteacte thee 84 26 55 .67 50.30 41.44 26.44 24.00 
Same: from viol Okla deansoncters ors)e stein 69 .92 55.76 42.86 34.61 28.88 23.93 
Indicator mumberene sree sleisiece sl se al esa bay || ate es FS 38} 2 Sule | Se ih Se Lal Pees 17] 2ieiies 
Maximum pressure, lbs. persq.in..... Micha 568] 620] 540] 572 | 630) 521 | 573) 640] 536 | 601 640] 53% | 606 | 704 | 590 |640- 
MUR Petes Rat a arse Oe eat eros ve agee ef. +. |38.5/30.0/40.28 |57 .5)37.77)/44 3/72 .3)55 0/51 .9/83 . 7/66 .3/68 9/90. 2179.8] 73 
TPH. P: per:eylinder-wcjcstoemile csi erellere tale 38.9|27.5]40.7 |52.8/38.16/44.7|73 5,55 .9|52.7 85.2|67.6 70 .2'92.1|81 .4] 74 
Mortal LH. Pe eion werrnre eters scketeae ete Pas Ho 107 .09 141.1 182.15 223 .0 248 .30 
IDSEEP @rOSS <yarstane preetaesisteusjeieust ua merece 49.0 92.5 128.9 171.0 212.0 234 .0 
(IDSAINP Net. scue-voouste eeeerteay cr eevete ps ares Pie As) 71.4 109.7 149.6 191.0 213.0 
Mechanical efficiency, gross.......... 86.5 91.3 94.0 95.1 94.4 
Mechanical efficiency, net. .......... 66.2 77.6 82.5 85.6 86.0 
Briction El Pin occa meee ne 14.59 12.2 5: 10.8 14.3 
Oil per I.H.P. per hour, gals. ........ 0571 .0555 0555 .0557 0597 
Oil per. HP. pershourywibsa.. sss -> aie 417 405 405 .406 437 
Oil per gross D.H.P. per hour, gals. . . .1055 .066 .0604 .0586 0578 0627 
Oil per net D.H.P. per hour, gals..... .19 0853 .0723 .0669 -6045 .069 
Oil per gross D.H.P. per hour, lbs.*.. . Stith 482 441 427 .4225 .458 
Oil per net D.H.P. per hour, lbs. ..... 1.385 623 3 53 488 .470 .504 
Oil per 100 net D.H.P. per hour, gals. .| 19.0 8.53 7.23 6.69 6.45 6.9 
Fuel cost per 100 D:H.P. hour, cents. .| 68.5 30.7 26.0 24.05 23 .2 24.8 
Heat balance: | 
Heat supplied per hour, B.T.U.....| 729000 864000 1100000 1420000 1745000 2080000 
Heat supplied per hour, %........ 100 100 100 100 100 100 
Absorbed in jacket, B.T.U.........| 147800 220000 294000 347000 293000 544000 
Absorbed! ini jacket, Go... .1....-5. 20.3 25.5 26.7 24.4 2852 26-2 
Exhaust BstiUlree tiacisetias cae 123100 182000 208000 291000 378000 421000 
Exhaust, Some aoictet ce chek eee 16.9 DA: 18.9 20.5 PAVE 20.2 
Thermal equivalent indicated work . 273000 359000 463000 567000 632000 
Thermal equiv. indicated work, %. . 31.6 32.6 32.6 32:5 30.4 
Radiation and loss, B.T.U......... 189000 239000 319000 306500 483000: 
Radiation and loss; %......0.....- 21.8 21.8 2275 172.6 23.2 
Bir Ui: per ieees per bourlerns 405 sai 8060 7800 7800 7820 8380 
B.T.U. per gross D.H.P. per hour... 14900 9310 8530 8240 8150 8820 
B.T.U. per net D.H.P. per hour. ... 26700 12000 10180 9400 9100 9680 
Thermal efficiency, 1.H.P.......... aaae 3L6: 32.6 32.6 S205) 30.4 
Thermal efficiency, gross D.H.P.... aria? 27 .35 30.0 30.9 eylle?) 28.8 
Thermal efficiency, net D.H.P...... 9.55 21.20 25.0 27.0 28.1 26.2 
Volumetric efficiency, %.......... 95.5 92.6 89.0 92.6 94.4 93.6 























* Oil at 8.3 cents per gallon. 


(n) Acceptance tests, March, 1908, Waco, Texas. 


Three-cylinder 14X21’’ engine rated at 170 B.H.P., r.p.m., 200. 
wheels, 7 ft. 1814’, each carrying a brake for the tests. 


Engine had two 
Air compressor independently 











driven. Allowance made for this, 16 H.P. Kind of oil used, distillate, sp.gr.=31° B. 
Gallons of Oil | Pounds of Oil E 
Load, eee, R.p.m. BHP. Net. | per 100 BHP, | per BHP. Efficiency, 
re Hours. Hour. Per Cent. 
4 2 209.3 58.3 9.3 if ote AMER Oral logs Neecrt0 
4 2 205.5 6 (50) SOB eos oali ama se 
Full 2 202.5 172.3 6.4 LAG hols Geek omen 
Full 10 202.1 172) 1 6.4 VA [9a ns ee 
Over 4 199.3 190.3 6.6 BC fo Eee etree ls 
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(0) Acceptance tests, August, 1907, Coeymans, N. Y. 
Three-cylinder 12X18’’ engine rated at 120 B.H.P., 220 r.p.m., Engine had two 
84X12” wheels, one carrying brake for tests. Air compressor independently operated. 
Allowances made were: 


OTANI ALO Gl eepeve crower arnt oeet a ke wees coos ate WG Asie 
Ore OMMLOa Geter tis eke sires cae Rieck ce Gee) EL 
Tet Gud GNETALC VAG le *5 G.I ee Se ace ee eo lOmom elie, 


Kind of oil, distillate. 








jl ; 
Load. DUreNon; R.p.m. B.S Net ae sine. : oun haenomle 
5 Hours. | Hour. Per Cent. 
4 2 228.8 39.3 9.6 ROO) Cs UNS eels 
4 Zi 226 .6 82.0 6.9 OE) | es nes 
Full 2 220.6 120.9 6.7 4S" 0 Alto Se 
Full 0 22202 1210.9 6.6 ae * Se es eee 
Over 4 218.9 135.4 6.4 AG WN Oo .aen. 


























4. The Snow Steam Pump Works, Buffalo, N. Y. 


This company, the first 


in the United States to undertake the: building of large gas engines, confines its 
product exclusively to the double-acting 4-cycle horizontal engine. Two types of 
these are built, Type B up to 500 B.H.P. in single tandem and up to 1000 B.H.P. 
in twin-tandem units, and type A up to 2500 B.H.P. in single-tandem and up to 
5000 B.H.P. in twin-tandem units. Type B engine is also furnished as a single- 
cylinder or twin-cylinder engine. The following table shows the principal dimensions of the 
two types. Any of these sizes are built to operate on any of the following fuels: natural, 
producer, blast furnace, illuminating, coke oven, and all other industrial power gases. 


TABLE 101 
PRINCIPAL DIMENSIONS OF SNOW ENGINES 














Bice: Diameter Cylinder. 
No Type. Stroke. R.p.m 
rope be ni gee & Natural Gas. Producer Gas. 
4 B 60 120 als 124” Ie 250 
5 B 80 160 114 124 15 225 
6 B 100 200 124 14 alts) 225 
tf B 125 250 134 143 18 208 
8 B 150 300 14 154 21 197 
9 B 200 400 154 17 24 185 
10 B 250 500 16 18 30 150 
11 B 375 750 194 22 36 130 
12 B 500 1000 22 24 36 130 
8 A 400 800 22 24 36 110 
84 A 500 1000 23 254 42 105 
9 A 650 1300 254 28 42 105 
10 A 800 1600 28 31 42 105 
iil A 1000 2000 30 32 48 100 
12 A 1250 2500 33 37 48 100 
13 A 1500 3000 35 39 54 95 
14 A 1750 3500 ot 41 54 95 
15 A 2000 4000 40 44 60 90 
154 A 2250 4500 42 47 60 90 
16 A 2500 5000 43 48 60 . 90 
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There are two features in which the design of both types of engines differs radically 
from conventional European practice. The first is the adoption of the side crank in place 
of the center crank frame, and the second that the valves all open into a chamber at 
the side of the cylinder. All inlet valves and their gear are placed on top of these 
chambers and all exhaust valves and gearing on the bottom. The great advantage of 
this construction is that no part of the valve gear is below the floor, and the center 
of the cylinders can be kept low, making the engine rigid and steady. The foundation 
can be one continuous block instead of a series of isolated pieces. The foundation 
plate is continuous under all of the cylinders, and the latter slide upon this plate on 
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machined surfaces, thus allowing of free expansion and contraction. The method of 
locating the valves in this manner makes the valve gear very simple, as may be 
seen from any .of the following illustrations showing the gear. But one cam is used 
to operate both inlet and exhaust valves. The fear expressed that the location of 
the valve chamber at the side would effect the efficiency of combustion in an unfavor- 
able sense, has apparently not» materialized in practice. The further objection made 
that the cylinder as constructed would not be able to clear itself of any foreign material, 
such as dirt from the gas, incrusted oil, etc., also does not appear to have much 
weight. 

The constructive features of one of the small sized Type B engines are given in 
Figs. 605 and 606. For the larger sizes of this type the valve-gear construction is 
somewhat different, as may be seen from.a study of Plates XX XIII, XXXIV, XXXV 
and Fig. 607. It will be noted that the speed regulation of this engine is effected by 
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Fig. 606.—Valve Gear, Smaller Sizes of Type B 


Fic. 607.—Valve Gear, Type B Snow Engines. 
i 


Snow Engines. 


200 to 1000 H.P. 
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a centrifugal governor which controls a combined mixing and throttling valve. The 
latter is placed midway between the two inlet valves and serves both of them. 

Type A engines differ from Type B in many points of frame and cylinder design, 
as will be seen by comparing Plate XXXVI with Plate XXXV. The general features 
of the valve gear on the two engines are the same except that the construction of-the 
regulating and mixing valve in Type A differs with the service to which the engine is 
to be put. The first large installation of Snow engines consisted of four 5400 H.P. 
gas engines for the California Gas and Electric Corporation, San Francisco. One of 
these units which were used to operate Crocker-Wheeler generators, is shown in Fig. 
608. In these engines the mixing and regulating valve was a sleeve valve concentric 
with the main inlet valve. Since then the use of this valve has been abandoned in 
favor of other constructions. Where the engine is to be used for a service which 
does not call for great refinement in speed regulation, such as pumping gas and 
water, or compressing air, the inlet valve gear of Type A is the same as that of Type 
B. Where close regulation is required, however as in electrical service, a separate drop 
cut-off mixing and regulating valve is placed just ahead of each inlet valve. The 
former construction of Type A gear (also Type B) is very well shown in Fig. 609, 
which shows three 1100 H.P. gas compressors, while the operation of the drop cut-off 
gear may be explained by the use of Figs. 610 and 611.! In the former figure, the 
air is admitted through A and the gas through G to the mixing chamber M above 
the main inlet valve J. Disks A and G, together with the short barrel D, form one 
casting. The disk G is provided with a taper seat and the length of the valve stem 
is adjusted in the block at the upper end so that both A and G@ will seat at the same 
time. The ratio of air to gas in the mixture is set once for all by adjusting the 
baffle disk B by means of the knurled nut N. The cut-off valve is operated as follows: 
Inlet valve J is opened by the rocker arm, Fig. 611, always at the beginning and end 
of the suction stroke. By means of the link RA, Fig. 610, the main inlet valve 
stem operates a sliding block in a guide above the cut-off valve. To this sliding 
block is pivoted a latch, L, Fig. 611, which, when in position, engages with the 
block on the end of the cut-off valve stem and thus lifts’ this valve when the inlet 
valve I cpens. To close the cut-off valve the governor controls the latch L, dragging 
it out of position by means of the drag link and the cam C shown in Fig. 611. The 
right hand end of the drag link curves around the governor shaft S and rests upon 
the journal box, thus holding the link in place as it slides back and forth. The cam 
C engages a lug on this link, thus displacing it and the latch L. At the moment the 
latter frees the block, the cut-off valve is closed by means of its spring, Fig. 610, and 
no more mixture is admitted to the cylinder. The cam shaft S rotates continuously 
at half speed. The point in the suction stroke at which cut-off occurs depends entirely 
upon the position of the cam, C, with relation to the crank-shaft, and this is con- 
trolled by the governor through a so-called “ floating’ bevel gear. 

Operating Results. Figures relating to the performance of Snow engines in actual 
service are extremely scarce. The only results that the writer has ever seen were 
given in Power, July 14, 1908, and these do not give all of the data desirable. 

Double-acting twin tandem engine at Ceres, N. Y. Cylinders 16” diameter x30’ 
stroke, 150 r.p.m., driving 300 K.W. alternator. Fuel is natural gas estimated at 900 
B.T.U. per cu.ft. The following table shows the gas and heat consumption for one 


1 Power, July 14, 1908. 


STATIONARY ENGINES 449 
Fig. 609. 
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week. In view of the fact that the average load was only 240.8 K.W., the average 
heat consumption of 14186 B.T.U. per B.H.P. hour, which corresponds to an economic 
efficiency of 17.9%, isenot bad. To the table from Power, the writer has added the 
last two columns. 























TaBLE 102 

Day. Hours | xitowatts. | A'Sad8® |cunle’Peet | Kilowatt | ver Brake | paonomic | Load. 

Kilowatts. of Gas. Guia Peek. Hs Per Cent. of Full. 
SUNNY o 4S oaoN acolo: 21 4040 192.4 109960 PAE A?4 16320 15.5 64.0 
Mondaye acumen eer 20 5050 202.5 127530 25°.2 15120 16.8 67.5 
IRV OP INE  tereecl gin mioentte 21 4890 232.9 116400 23.8 14280 17.8 77 4 
Wednesday.......... 19 4730 248 .9 106310 2255 13500 18.9 83.0 
AUNUIECERI CS Ap cnac ds 18 5050 280.5 111610 Doel 13260 19.2 93.2 
Eiridlaiy asi. eee rears 20 5120 256 .0 114060 22.5 13500 LSC Oe SOs) 
SALURd ay she cenr eer 19 5180 272.6 115060 22.2 13320 19.1 91.0 














* Assuming 900 B.T.U per cubic foot and 14 brake horse-power per kilowatt. 


5. The Olds Gas Power Co., Lansing, Mich. Type “K” Engines for Pro- 
ducer, Natural and Blast Furnace Gas. In the production of an engine for the heavier 
gas power service, the Olds Company have adhered to the single-cylinder, single-acting, 
horizontal type of 4-cycle machine for all units up to 150 H.P. Also above this 
limit, a large number of plants have been installed, using a set of two or more of 
these machines, the reason for this policy being that in constructing engines of this 
type, absolutely no uncertain elements are introduced into the design. The various 
details of construction of this line have been repeatedly justified by their own 
engines in practical operation, and also by thousands of similar machines abroad. 

As is usual with this type of construction, the cylinder jacket, or casting, is cast 
integral with the engine frame. From each side of the cylinder jacket casting two 
wing-like box girders extend to the main bearings. The outlines of this frame are 
well shown in the general view, Fig. 612 and the sectional view, Fig. 613. 

Again, proceeding along well-tried lines, the cylinder proper is a separate casting, 
which is forced into the main casting from the head end. The advantages of thus 
being able to use a specially hard, close-grained iron for this particular casting, and 
also giving the liner perfect freedom to expand at the end, are now well understood 
in this country. 

The cylinder head is still another casting containing the main valves, but for the 
sake of simplicity and strength contains as little of their various passages as practical. 

The Olds Company anneal all of these heads to insure that initial shrinkage 
stresses are removed. As indicated by the above views, the construction is amply 
massive to withstand the heavy strains of the high-compression cycle. 

A desirable feature which can always be attained in this construction is the 
absence of overhang of the cylinder. Thus, that part of the cylinder which takes the 
side thrust of the connecting rod is well within the bed. 

In the larger sizes not only are the cylinder and head jacketed, but the exhaust 
valve and pipe as well. 

There are a number of- excellent design features embodied in these machines, 
among which may be mentioned the following. 
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The crank-shaft-is an open-hearth steel forging, with the crank slotted from the 
solid. In the design of the shaft, it has been the policy of this firm to avoid, as 
far as possible, the overhung fly-wheel, and accordingly their standard machine has 
but one fly-wheel, which is designed cf ample proportions to give the necessary cyclic 
regularity; and the shaft is supported by three bearings—two main bearings in the 
engine bed, and one bearing outside of the fly-wheel. The counter-balances for the 
cranks are both keyed and belted to the cheeks. The shaft is of enough greater 
diameter at the fly-wheel to admit cf key-seating without reducing the strength of 
the shaft. Two sets cf tangential double keys are used to secure the fly-wheel to the 
shaft. The only feature cf the connecting rod requiring special notice is the construc- 





Fic. 612 —Olds Type “ K”’ Engine. 


tion of the ends. The bearing metals are in detachable shells at both the crank and 
piston ends. 

As the trunk pistons cf the large engines present an extensive rubbing surface, 
the internal friction from this source is very great on standard designs. The pistons 
of these particular engines, besides being equipped with seven regular piston rings, are 
provided with a number of dove-tailed grooves, filled with White, anti-friction metal. 
This material is thoroughly peened into place, and then machined to size. The piston 
itself is slightly smaller than the cylinder bore, so that the bearing comes on the 
alloy rings. The peculiar virtue of this metal is that it has. all the anti-friction 
qualities of Babbitt, and at the same time is capable cf withstanding the heat 
encountered in the gas-engine cylinder. In this way, the internal friction of the Olds 
engine is cut down to a minimum. 

By reference to the general view, Fig. 612, it will be seen that the valve mechan- 
ism is driven from a lay shaft, which in. turn is operated from the main shaft by 
means of Brown & Sharpe hardened helical gears. The governor has a positive drive. 
from this same shaft, through similar gears. Both inlet and exhaust valves are 
operated by the same cam. 
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By referring to Figs. 614 and 615, the valve mechanism between the cam and 
the two main valves will be readily understood. The exhaust valve is lifted through 
the rock-lever, A. The inlet valve is opened by means of the linkage B and C, and 
a rock-lever EH. This lever has no stationary pivot, but rocks on the block H. The 
governor linkage is very simple. The centrifugal action of the governor weights tends 
to work the vertical lever Gaway from or towards the engine, according as the speed 
drops or increases; and this lever draws with it the fulerum block H. Thus, when 
increasing load tends to lower the speed, the action of the governor draws the fulcrum 
block H away from the center of the engine, giving the inlet valve an increased lift. 
The gas is admitted through the passage M, while the air enters through N. The 
throttle valves in N and M admit of hand regulation of the mixture to suit the gas. 
The sliding sleeve K absolutely prevents the mingling of gas and air between strokes 
when the inlet valve is closed. The main valve springs are located outside of the 
bonnets and are instantly accessible for adjustment. Hach valve stem is kept in align- 
ment by two bushings well separated. 

The starting valve is illustrated in Fig. 615. At A it is shown removed from 
the cylinder head; and at B, it is shown in position. The linkage for operating the 
valve can be readily traced. Referring to Fig. 614, the cam for operating the starting 
valve is shown at Q engaging a roller on the bell crank R. In Fig. 615 the letters 
Q@ and R are again used to designate these same parts. The method of connecting 
this bell crank to the valve is clear, without further lettering. In the view A, the 
starting handle is shown in position for operating the valve. The ordinary running 
position for this handle is shown by the dotted lines. When the handle is in this 
position, the weight of the horizontal arm of the lever R causes it to swing away 
from the cam, thus, entirely clearing it when the engine is running, 

When it is desired to start the engine, the fly-wheel is barred around until the 
piston is just starting on the explosion stroke. In this position, the point of the 
starting cam, Q, is opposite the roller on the arm &. The gas and air hand valves 
being opened, the starting air is turned on at the stop valve, and the starting handle 
S is thrown to position shown in A, Fig. 615. This opens the air valve, admitting 
the compressed air to the cylinder, and starting the engine. The cam will admit air 
at every explosion stroke until the engine takes up its cycle. This usually occurs on 
the third revolution. After this, the starting air is shut off at the tank and at S. 
When the engine acquires sufficient speed, the exhaust cam roller X is pulled over to 
running position; thus giving the engine full compression, when it is ready for the 
load. 

Ignition. The ignition system is of the make-and-break type, the current being 
furnished by a low tension Bosch magneto. The point of ignition can be easily 
adjusted during operation. Fig. 616 shows the method of operating the magneto anJ 
the position of the igniter block. 

Lubrication. The main bearings on the standard engines are lubricated by ring 
oilers, the reservoirs of which are in the engine frame. All of these reservoirs are 
equipped with sight glasses to indicate the level of the oil. The crank pin is oiled 
from a collecting ring secured to the outside of the right hand crank cheek. The oil 
passes from this ring to the surface of the crank, through a hole drilled in the crank 
itself. Oil drops into the ring from the spout of a stationary. sight-feed oiler. A sight- 
feed oiler,. D, Fig. 613, supplies a wiper HZ from which the piston pin is lubricated. 
The piston and cylinder are lubricated by a sight-feed force pump, driven by an 
eccentric from the lay-shaft. The governor and main lay-shaft gears run in an oil 
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Fic. 614.—Olds Type “‘K”’ Engine. 
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Fic. 615.—Olds Type ‘‘ K”’ Engine. 
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bath. The hand-pump oiler, V, shown in Fig. 615 is used for lubricating the exhaust 
valve stem, through the oil pipe marked V in Fig. 614. In the same view the letter 
T indicates the oiler for lubricating the sleeve K. The oil supplied by the cup W, 
Fig. 614, works down the inlet stem, oiling the upper bushings, the rocker-arm yoke 
and the lower bushing in turn. Table 103 gives the principal dimensions of Olds 
Type ‘‘K” engines. 

Olds Gasoline Engines. The Olds line of internal-combustion motors includes, 
besides the producer-gas machines just described, gasoline engines of from 8 to 50 H.P. 
They also manufacture a complete line of agricultural motors of from 14 to 12 H.P. 
Both of these lines can be equipped with fittings for operating on city gas, or distil- 





Fic. 616.—Ignition Gear, Olds Type ‘‘K ” Engine. 


late. Finally, this company makes a line cf small kerosene engines of from 3 to 12 
H.P., which can be cperated on gasoline, kerosene, or alechcl. So efficient is the mixer 
on this last type of motor that the company claims to be able to vaporize crude oil 
with it; but owing to the large amount of impurities in this fuel, does not recommend it. 

The Olds Type ‘‘ A” engines are built for a variety of purposes, for farm use, 
fer direct connection to pumps, hoists, etc., and for general power purposes. 

This motor is a_ horizontal, single-cylinder, four-stroke cycle machine, and for 
general utility is equipped with hit-and-miss regulation. 

All engines of this type are furnished water cooled, either by means of the 
customary circulating tank, or by the new hopper jacket system, but, when desired, 
the 14 and 3H.P. sizes are also furnished air cooled for such special work as fruit 
spraying and the like. 

The jump-spark ignition system is used on the entire Type ‘A’ line. 

Instead of casting the frame in one piece, the Olds engines of this type have a 
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Fig. 617.—Olds Type “A” Engine. 


cast iron  sub-base, entirely 
separate from the engine bed 
proper, Fig. 617. This sub- 
base, being of box pattern, is 
utilized as a fuel reservoir. 
As it is made of cast iron of 
sufficient section to make a 
rigid base, it forms a _ sub- 
stantial tank as well. In this 
way the hopper-jacket engine 
is completely self contained. 
When it is desired to mount 
such an engine on skids, there 
are but two parts to mount, the 
engine and the battery box; the 
fuel and cooling tanks are incor- 
porated in the engine itself. The 


fuel is securely sealed from the air by an easily accessible screw cap, as in other makes. 
The fuel mixer Fig. 618 is an application cf the Venturi tube. This is a rather 


ingenious device, which not only atom- 
izes the fuel thoroughly, but also 
raises it from the main tank to the 
auxiliary reservoir. 

There are a large number cf 
engines now on the market which 
dispense with the gasoline pump, but 
most of these do so merely by locating 
the mixer nozzle near the level cf the 
main fuel tank. When the tank is 
full, the mixer tends to. flood, and 
when the level is low, the mixture 
is too lean. The Olds mixer, on the 
contrary, raises the fuel to an auxiliary 
reservoir, from which it feeds at a 
constant head, no matter what the 
tank level may be. 

The method of operation in this 
mixer will be apparent from an in- 
spection of Fig. 618. A is the mixer 
tube, which delivers the mixture to 
the engine at 5, drawing air from 
the outside through the opening C. 
The fuel is entrained from the nozzle 
D in the blast cf inflowing air. Owing 
to the restricted area of the Venturi 
tube at EH, the velocity of the air 
drawn into the cylinder by the engine 
piston is very high. This atomizes 
the gasoline issuing from the nozzle 
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. 618.—Olds Carburetor. 
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very thoroughly. The fuel always stands flush with the nozzle—any excess in the 
auxiliary reservoir will return to the main tank through the overflow pipe F. 

On the suction stroke of the engine, the vacuum created in the mixing tube 
extends to the auxiliary reservoir, through the passage G. Both the pipes F and H 
being open, the atmospheric pressure in the main tank forces the liquid up the pipe 
H, filling the auxiliary reservoir. The reservoir cannot be flooded by the oil passing 
up the overflow pipe, as the pressure of the oil on the disk valve K raises the same, 
closing this passage during the suction stroke. 




















Fia. 619.— Olds Type ‘‘ A” Engine. 


At the end of the suction stroke, this valve will drop, however, allowing any 
excess in the auxiliary reservoir to return to the main tank. Thus, an absolutely 
uniform action is secured, no matter what the heights of the supply in the main tank. 

The details of the construction in general and of the valve mechanism can_ best 
be understood by reference to Figs. 619, 620, and 621. From these it is evident 
that the piston, connecting rod, engine bed, etc. are designed in accordance with well 
tried standards. 

The ‘‘ two-to-one”’ gears are cf the spur type, the teeth being machine cut, and 
the pinion being of bronze. The exhaust valve is operated from a cam which is 
secured directly to the driven gear, thus eliminating entirely the cam shaft and its 
torsional strain. The motion is transmitted to.the exhaust valve A, Fig. 619, through 
a double bell crank B and a “pull-rod”’ D. The advantages claimed for this arrange- 
ment are that the gearing is enclosed in the bed casting, thus being protected from 
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dust and grit; also, the larger gear, Fig. 622, touches an oil bath in the bottom of 
the bed, insuring lubrication. Furthermore, the link, or “ pull-rod,” between the 
valve and the cam is, by virtue of this arrangement, in tension instead of compression, 





Fig. 620.—Olds Type “A” Engine. 


and can therefore be made very light. Finally, this rod is provided with a simple 
adjustment, consisting merely of two nuts at the end, for taking up wear. This one 
adjustment takes up the wear in the entire mechanism, and is instantly accessible. 
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Fig. 621.—Olds Type ‘‘ A” Engine. 
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Fre. 622.—Governor, Olds Type ‘‘ A ”’ Engine. 
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The jackets of all these engines are made in a separate casting from the cylinder. 
Thus, the entire engine is not disabled in case of accidental freezing of the jacket 
water. The jacket alone is broken, and this can readily be replaced at a nominal 
sum. On all engines where the jacket is cast integral with the cylinder, such an 
accident entails the replacement of the entire cylinder, etc. 

As stated before, Olds Type “A” engines are governed on the _hit-and-miss 
principle. The inertia governor, located in the fly-wheel, is shown in detail in Fig. 
622. It operates by interposing a pick blade, when the speed becomes too high, which 
prevents the bell crank C, shown in dotted line, from returning to its normal position. 
This blocks open the exhaust valve and causes a miss stroke. At the same time a 
rod passing from the exhaust-valve gear to the inlet valve, indicated in Figs. 619 and 
621, puts an additional tension on the inlet-valve spring, and thus prevents the 
opening of that valve. 

The following table shows the principal dimensions of Type “ A” engines: 


TABLE 104 
OLDS GAS POWER COMPANY, 


TYPE A ENGINES. 
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TaBLE 105 
SUMMARY OF RESULTS 
October 10-11. October 11-12. October 12-13 
DuraTIon oF TEST. Hr. Min. Hr. Min. Hrs Min. , Hry °Min- Hr. Min: Ur, Min: 
Dareaavaibsaaeney ees o pompiovy BOO orlortG OCMOeRO oe Diora 8 9 7 53 10 38 8 i 8 2 10 2 
MiresHban eda oe crsereie use Griese tah ovsce mw licrer eg = 15 56 16 13 18 16 16 14 2 
FUEL. 
(Coaltusedmn running, los: tre gcse cae seattle cit ea eh | 704.50 845 .50 725.50 638 .25 839.25 
Goalcused in) banking lbsaiya cette ieee ee 14.50 36.50 44.00 11.50 14.00 14.00 
Motalweoal- lsh caret saiinets aesisrevedsvene’ shal storage sales 736 .25 741.00 889.50 737 .00 672.25 853.25 
Salvage from screening, lbs... ............... 239 .00 266 .50 368 .00 311.50 185.00 202.00 
Salviageiper cent of coalltse «cic ec ce ne oc 39.50 26 .00 41.50 42.10 28 .20 23 .60 
Coaliperhour of cumming Ibs. peaecce oe tic. - 88 .60 89.40 79.50 90.50 81.90 81.20 
Coaliperhouriof banking, lbs... ..25 sore 0.91 2.28 3.35 0.66 0.88 1.00 
WATER. 
Water used in compressing air, both units, gals. 3 600.00 6 000.00 3 840.00 
Water used in blowing hot both units, gals... . 8 200.00 11 600.00 9 800.00 
Time of blowing hot, minutes................ 17.50 24.50 20.50 
Water used in each vaporizer, gals. per hour... 2270) 2.70 2.70 
Water in each vaporizer, per lb. of coal 
DUIEC SDS hewn lca anree een tenets ison aba, 2 0.27 0.25 0.26 
Water used in each scrubber, gals. per hour.... 105.00 105.00 105.00 
Total water used in both scrubbers, gals....... 1 900.00 1 680.00 1 960.00 
Water used in scrubber, per H.P. of producer, 
POURS Per NWOUTA hee dee os set Seek ae 5 1300 7.30 7 «30 
Water used in cooling each engine, gals. per min. 23.00 23 .00 23 .00 
Total water used in cooling engines, gals....... 25 000 .00 22 100.00 25 700.00 
Per cent of water pumped ....-... 0... -00.08- 1.80 1.80 1.90 
Total water used in plant, gals.. ............. 38 800.00 41 400.00 41 500.00 
Per cent of waterspumped. .. wos ee oe 2.90 3.40 3.10 
October 10. October 11. October 12. 
Pumps. No. 1. No: 2. Nome No.2: No. 1. No. 2. 
MEER OUULONIS cer vers ous, Weave.wte eLearning ee bisvarayviieree isd 15 652 .00 15 417.00 19 440.00 15 768 .00 15 668 .00 19 676.00 
Revolutions per minutes 72-5 bs kets wes ee Bale ce 32.00 33.13 30.47 32.78 32:51 32.69 
Discharge per revolution by displacement., gals. 40 .62 ZO GO Ge Or Re Re ee th ger Alt FE eet A 
Slip determined by preliminary test, %........ 6.20 UPSET Ee OO AAAS SR tied «ge | er | eee ammnene t 
Actual discharge per revolution, gals.......... 38.10 BOOST eM Leccrece alle Rita R oe siccbar | BM) rice tele 
Discharge per minilte, cals... 8s see as cows 1 219.20 1 322.88 1160.91 1 308.91 1 238.63 1305.31 
Discharge per min., less water used in cooling, 
PAE DANG ee oot oan ciety scale: Suead’-s cast last: pune tate ye 1194.40 1 298.08 1136.11 1 284.11 1 213.83 1 280.50 
Total gallons pumped to reservoir............ 584 062.00 | 613 992.00 | 724 838.00 | 617 657.00 | 585 066.00 | 770 867.00 
iF PRESSURES No. 1. No. 2. No. 1. Now i: No. 1. No. 2. 
Porcelain, itenys epee Pee aah male nos cel ved esters oh. 164.80 168 . 20 166 .00 167 .00 166.70 166.70 
Suction tlt fte cee ae eee aie toloye rye see eeva s » 12.69 11.90 LD 265 11.19 13 .42 12.67 
ENO Gallet trees comes ta aiarek er oe. Scere: Bias 177.49 180.10 177 .65 178.19 180.12 179.37 
: Dury. 
In million foot-pounds, based on plunger| No. 1. No. 2 No, T No. 2 No. 1. No. 2. Average. 
displacement, less slip and cooling water. 
Per 100 lbs. coal fired during run............. 119.78 130.90 126 . 26 126.44 133 .52 137.41 129.05 
Per 100 lbs. of coal, including banking........| 117.43 124 .46 120.01 124 47 130.74 V35 205 125.38 
Per 1 000 000 B.T.U. in coal fired during run .. 96 .60 105.57 101.82 101.97 107 .68 110.80 104.08 
Per 1000 000 B.T.U., including banking...... 94.70 100.71 96.78 100.71 105.44 109.00 101.20 
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Operating Results. The only figures available were obtained on tests of a pumping 
station at St. Stephen, N. B. This plant is equipped as follows: 
Two Pintsch suction-gas producers, 185 H.P. each, 
Two single-acting 4-cycle Type “K” engines, 125 H.P., 22” dia., 28/7 
stroke, 150 r.p.m., 
Two-direct connected triplex pumps, capacity 1250 gal. per min., 13’ dia. x12’ 
stroke, geared to run at 32 r.p.m. 
The auxiliary apparatus consists of a compressor, driven by Pelton wheel and 
furnishing air for starting engines and producers. ; 
The tests were made Oct. 10, 11, and 12, 1907. The following table contains the 
principal results. Indicator cards were apparently not taken. 
The following are some additional figures contained in the report. 


COSI PUSEGE or stnly sane eee ...Scotch Anthracite, Chestnut 
Composition: of ‘coal,/Moisture, %. ..«.2. 25% Levy 
Vel cinatters Vie. ceresce 7.60 
Fixed O50 nee peo 83.64 
A Shia, < Oe e so Pela ae ee 7.56 
BolUs per lon of: coal. con. aver to aie creo 12 400 
Coal, used per water Taps wlbss om mere semen. 5 1.53 
Coal used per B.H.P. (80% pump eff.) lbs.... 1,22 
Thermal efficiency on water lifted, %......... 13.4 
ihennal. efficiency on -b tl. Pyme sk. sae ee G7 
emp. jacket water, inlet,.°F”.. 0. 24.2 See 3: 44 
emp. jacketwater, outlet, °F ici. o%) casa oe CZ 
Jaeketswater per mami; gals. voc cease 23.0 
Heat loss in jacket water in % of heat in coal. Ball) 


It should be noted in connection with the thermal efficiency figures, that the 
plant was running at only about two-thirds capacity. The amount of jacket water is 
excessive, due to the low outlet temperature. 

Olds Suction-Gas Producer. The Olds Gas Power Company owns the exclusive 
patent rights for the United States on the suction-gas producers of the Julius Pintsch 
Company, of Berlin, Germany. Fig. 623 is a sectional view of one of the 300 H.P. 
plants. The principal elements of’ the plant will be readily recognized; A being the 
generator, B the vaporizer, C the wet scrubber, and J the dry cleaners. 

As in all suction types, the entire system operates under slightly less than 
atmospheric pressure; the engine drawing gas from the main, or exhausters, creating 
the draught through the apparatus. The cross-section area of the generator is espe- 
cially large per rated horse-power, to insure low reaction temperatures, at rated loads, 
and consequent freedom from clinker troubles. 

In addition, these producers are provided with a cone-shaped grate, on roller or 
ball bearings, which may not only be rotated, but also allows the fire to be reached 
by pokers through the bars. Four poke holes are provided just above the grate ring. 
These are of such size as to give ample freedom for the stoking bar, but still cut the 
heat loss by radiation to a minimum. When especially poor coal is used, additional 
facilities for barring are provided in the top of the producer. This top is not integral 
with the producer shell, but rotates on ball, or roller, bearings indicated at F. Thus, 
the barring hole G, and the coal hopper D, may be swung to any desired position. 
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The top plate and charging hopper are made gas tight by water seals. The gas leaves 
the producer by the pipe EH, passes down through the vaporizer, and up through the 









































































































































































































































Fig. 623.—Olds Gas Producer Installation. 
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scrubber. It reaches the two cleaners, J, thrcugh the pipe H. While these are contained 
in the same shell as the scrubber, yct they are entirely separated from it and each 
other by the partitions 17M. The cleaners are furnished in duplicate to permit the 
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cleaning of one while the other remains in operation: The exit of the gas from the 
cleaners is shown at the back. 

When it is desired to isolate the scrubber, etc., from the generator or producer, 
the bell K is raised by means of the rack and pinion. This action first closes the 
opening into the scrubber, and then only opens the vent-stack pipe. The entire nest 
of vaporizer tubes may be. cleaned in place, or entirely removed from the cleaner, by 
loosening two flanges, and without breaking joints in connections between the producer, 
vaporizer and scrubber. 

Perhaps the strongest feature about this producer is the method of securing a 
uniform mixture of steam and air for the fire. Steam from the vaporizer passes 





Fic. 624.—Front View of Riverside Gas Engine at the Watson-Stillman Plant, Aldine, N. J. 


through the pipe N into the jet blower O; this blower, once set by hand, will deliver 
an absolutely uniform mixture cf steam and air. The heated air is drawn from the 
producer jacket P, and is delivered with the steam, partly to the producer through Q, 
while any excess escapes through R. The jet blower supplies more air and steam than 
the gasification process requires, and as the producer draws its entire air supply from 
Q, it is obvious that whether the load be heavy or light, it will always get the same 
ratio of air and steam as long as the adjustment of the blower is unchanged. 

The water regulator S serves to maintain a constant level of water in the 
vaporizer, irrespective of steam consumption, and without waste. This regulator is 
connected with the vaporizer by a feed pipe delivering the water into the lower part of 
the vaporizer, and by another pipe connecting with the steam chamber of the vaporizer B. 
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The inlet and outlets of the producer, vaporizer, scrubber and cleaner are con- 
nected through piping with a series of water gauges on the gauge board 7. Any 
irregularity in operation due to clogging, leaks, etc., in above apparatus can be 
immediately discovered by observing the vacuums shown by the gauges. Steam 
pressure in the vaporizer is indicated by a suitable gauge on the board. 


Besides the engines so far discussed, the American market offers a number of 
other perhaps equally important machines, but owing to the comparative youth of the 
industry in this country, little information is available regarding their construction and 
next to none concerning their actual performance. It will therefore be possible only 
to give brief mention to any of these engines and to allow the reader himself to study 
the construction as far as that may be done from the pictures and cuts that were 
available. The information given was in some cases furnished in the shape of specifi- 
cations by the engine company concerned, but in the majority of the cases is due to 
the columns of Power, and the Report of the Committee of the National Electric 
Light Association. 

6. The Riverside Engine Co., Oil City, Pa. 

Figs. 624, 6251, and 626!, together with the following specifications, will serve to 
show that the construction of this engine is unique in many respects. The company 
guarantees that the heat consumption of these engines on producer gas will not 
exceed 10000 to 11 500 B.T.U. per B.H.P. hr., that. the speed variation will not exceed 
2% up to capacity, and that they will carry momentarily over loads of 10%. 


SPECIFICATION OF RIVERSIDE HEAVY DUTY DOUBLE-ACTING TANDEM CLASS “F” 
GAS ENGINE 


Cylinders and Sole Plate. The cylinders are cast in three pieces, two of which are alike, 
cast iron, 
are of | cemi-stea according to size, and comprise the heads, valve chambers, rod housings, and 
or steel 
combustion chambers. The third piece forms the cylinder barrel and jacket and is of air-furnace 
iron cast on end with a large sink head or riser. This piece, the most important part of a gas engine, 
is of absolute symmetry and extreme simplicity. Allowance is made for reboring the cylinder 
barrel, and this whole section can be as cheaply and more easily renewed than an independent 
cylinder liner. The three parts are fitted together with circular tongues and grooves, and held 
together and to the main frame by four steel tie bars, which take the tension strains. 

The cylinders are mounted on a heavy cast-iron sole plate having a machined top surface, 
which keeps the cylinders in alignment and permits of their free expansion and contraction. By 
removing the distance pieces, the cylinder parts can be slid endwise on the sole plate, giving easy 
access to the interior of the cylinder, piston, and piston rings. The rings can be cleaned or changed, 
without disturbing the piston or rod. 

The sole plate makes a perfect drip pan under all cylinders, keeping all oil drip from the 
foundation. The exhaust and inlet piping is attached to the sole plate, hence no piping except 
the water-jacket piping, has to be disturbed when the cylinders are moved. There is no overhead 
piping or wiring to interfere with a traveling crane 

The sole plate contains a duct or passage for delivering fuel to each inlet valve and is tapped 
at exhaust passage for the connection of the exhaust piping. 

Valves. Both inlet and exhaust valves are of the semi-balanced, water-cooled, poppet type, 
operated in a vertical position. All water to the cylinder jacket passes through the valves first, 
positively cooling them without any attention whatever, 


1 Power, May 5, 1908. 
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The rise in temperature of the water in passing through the valves is only a few degrees, with 
the result that the valves are always cool, are not warped out of shape, are easily lubricated, never 
stick, and wear as well as the valves of a steam engine. The seats take a polish and run without 
regrinding for years. 

The balancing pistons run in renewable liners and are lubricated by force feeds. These pistons 
provide a very large guide surface, assuring positive alignment for these valves, indefinitely. The 
valve seats are reversible, are easily renewed, and are located slightly below the bottom of the 
cylinder bore, so that any foreign substances are swept from the cylinder at each exhaust stroke. 
All valves are readily removed from the top of the cylinder without disturbing the cam shaft. 

Piston and Piston Rod. Each piston and a section of rod form one solid piece. An 
enlarged end of the rod forms a shouldered steel center around which the piston is poured and 
to which it is welded. The rod end has rough grooves turned on it, making an intimate contact 
between the rod and piston. This construction also provides a steel center into which the adjacent 
section of piston rod is screwed. A locked-jam nut which is flush with the piston-face holds the 
sections securely together when they are in place. 

The pistons and rod are supported at three points, viz., at the cross-head, the center rod 
support and at the end of the tail rod. These supports are fitted with adjustable babbitted 
shoes. 

The construction of the Riverside piston rod is such that a piston and rod section ineither 
cylinder can be removed, without disturbing the other cylinder or the connecting-rod, cross-head. 
or any part of the valve gear. Piston rods are made from steel forgings with water passages 
machined from the solid forging. 

Piston and piston rods are water cooled, the water entering through a telescopic joint 
connected to the side of the cross-head. Circulation through each piston is ‘positive and the 
overflow is so arranged that pistons are kept full of water. Water passages through the pistons 
and rod are large and easy, so that not over 10 Ibs. pressure is required for circulation. The 
overflow is visible, hence the water cannot come to a boiling-point without attracting the engineer’s 
attention. 

Piston Rod Packing. Metallic packing is used in all piston-rod boxes. The packing rings 
consist of segmental cast-iron rings carefully turned all over and held by spring rings surrounding 
them. The ring sections are doweled in position and two completely assembled packing rings 
occupy the same groove in the gland. The gland is split in the direction of its axis and the halves 
held together by countersunk screws. The whole packing may be easily assembled around the rod 
and then pushed into the box and fastened. 

Main Frame. The main frame or bed is of the heavy-duty, rolling mill type, with bored 
guides and main bearings cast in a single piece, and is of great weight and extreme rigidity. The 
main bearing jaws are carefully machined to receive the main bearings, which consist of Babbitt- 
{ semi-steel | 
ior) steel. <j | 
adjusting wedges. The shells can be removed by raising the shaft slightly, and are adjustable for 
wear in both directions. The heavy main bearing cap locks across the top of main bearing jaws, 
and is provided with a large opening in its center for inspection. 

The cylinder end of the main frame is squared and machined to fit the forward end of the 
cylinder, and has machined holes for receiving the tie bars which attach the cylinders. 

The design of this frame, with its bored guideway, is such that a large part of the metal is 
above the center line, making it exceptionally stiff. 

Cross-head. The cross-head is a heavy steel casting of the box type, fitted with adjustable 
top and bottom shoes, which are carefully turned to fit the bored guideway. The cross-head pin 
is carefully turned to size and fitted in the cross-head with a taper at both ends. It is drawn 
up and held by bolts passing through a holding plate which covers the end of the pin. 

Two keyways are machined in the pin at 90° from each other. A single key holds the pin 
fast, relative to the cross-head, and the two keyways allow the pin to be rotated one quarter 
turn and so distribute the wear evenly over the surface. 

The shoes are hung on pins, within eccentric bushings, and cannot be set out so as not to 
bear uniformly for their entire length. The crank-pin boxes are heavy steel shells, lined with 
genuine Babbitt. The cross-head boxes are of heavy phosphor bronze. 

Crank-sheft. The shaft is of the side crank built-up type, and 1s machined all over. 
The bearings are ground and are of generous size, with hberal fillets for change of diameter, and 
there are no square cornered shoulders. The crank-disk is a heavy counterbalanced steel casting, 


lined shells according to size, These are backed up for their entire length by 


472 CONSTRUCTION, ERECTION, TESTS OF INTERNAL-COMBUSTION ENGINES 


with the crank pin cast integral, pressed onto the main shaft by hydraulic pressure and doubly 
keyed. The crank-shaft is guaranteed against breakage during the life of the engine. 

Fly-wheel. The fly-wheel is of proper weight, with the face and edges of the rim turned 
to run true, and barring-over holes are provided. ; 

The wheel is made in complete halves, and held together at the rim by heavy steel “T” 
links shrunk in the side and by bolts through lugs on the inner side of the rim. The wheel 
halves are held together at the hub by heavy steel bolts and the wheel is keyed rigidly to the 
shaft. 

Valve Gear. The valve gear of the Riverside engine is the simplest ever applied to a 
multiple-cylinder engine, and consists of a single shaft mounted on top of the engine, running in 
self-oiling bearings. This shaft runs at one-half the speed of the main shaft, and carries the 
inlet and exhaust cams, cams for operating the oil pumps, and the timer for the ignition 
system. Power is transmitted to the inlet and exhaust valves by an inlet and exhaust lever 
hung on a single pin. All cams are keyed rigidly to the cam shaft. This construction makes a 
minimum number of joints subject to wear, although ample adjustments are provided for taking 
up any wear. 

Governing. The speed of the engine will be maintained uniform within 2% either way 
from the mean under normal operating conditions, but might momentarily exceed this should 
full load. be thrown on or off instantaneously. In no case will the speed exceed a safe limit. 
The speed is controlled by a sensitive carefully balanced enclosed type self-oiling centrifugal 
governor operating a double-beat balanced disk valve, which throttles the mixture, thus varying 
the mean effective pressure to suit the load and giving a uniform number of impulses regardless 
of the load. The mixture of air and gas can be varied at will and is controlled from one point 
so that all cylinders get an absolutely uniform mixture. This method of governing results in as 
uniform speed as in any system, but is without the complexity and necessitates none of the 
necessary accurate adjustments at each inlet valve which are incidental to a cut-off-gear. 

Lubrication. The cylinders, valves, and stuffing-boxes are supplied with oil from force-feed 
lubricators. Lubrication to the cylinders is timed so that the oil is fed between the snap rings 
on the piston; thus the oil is swept over the entire surface of the cylinders and not fed into 
the cylinder at such a time as to burn up and do no work. Sight-feed oilers are provided for 
all other bearings except the cam shaft which is lubricated with ring oilers. 

Ignition. Ignition is by an improved. system, consisting of magnetically operated spark 
plugs in each cylinder. The sparking points are in series with the magnet coils which produce 
the break. This gives a positive external indication by the movement of the armature as to 
whether the spark takes place within the cylinder. The inductive resistance of the coils 
augments the strength of the spark which is extremely long and hot. 

The timing is done electrically. No gearing or mechanical trips are used. Well insulated 
stranded wires, running through iron-armored conduits, lead from the timer to each spark plug. 

The timer is mounted on the cam shaft, and built in a heavy substantial manner. The 
contacts are of the wipe type, are made of tool steel, and are adjustable for wear. A visible 
indicating spindle shows the amount of each contact. 

The entire wearing parts of the timer run in oil, which prevents the burning of the contacts 
and reduces wear to a minimum. 

Wiring from the timer to each spark plug is protected by a five-ampere, enclosed fuse; 
thus, should any spark plug become damaged or short-circuited, the other plugs would not be 
affected. 

Any spark plug can be removed and replaced while the engine is in operation. 

By individual adjustments, the time of ignition in any cylinder end can be set; and by a 
single handle, the time of ignition in all cylinders can be varied simultaneously. Any of these 
adjustments can be made equally as well with the engine in operation as otherwise. 

Pneumatic Starting Device and Control. The pneumatic starting gear consists of two 
shifter pistons mounted within the valve lever carrying pins on the rear cylinder. These pistons 
are shifted by throwing a small three-way cock, which applies compressed air to the one side 
of the piston, which in turn moves the valve levers, bringing the cam rollers in line with an 
auxiliary cam. This puts all the valves in both ends of the cylinder into two-cycle action; or 
in other words, makes a poppet valve air or steam engine out of this cylinder. 

This permits the engine to be started on any stroke and on either quarter. Since the 
operation is entirely automatic, the engine will run as long as compressed air is applied. 

The other double-acting cylinder continues to operate as a 4-cycle gas engine, and takes up 
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its explosions after the first revolution. Compressed air is then shut. off from the starting 
cylinder, and the three-way cock reversed. This permits the cam levers to return to their 
normal position, and that cylinder immediately goes into 4-cycle action. 

The starting gear adds practically no complication to the engine, as the regular inlet and 
exhaust valves are used for distributing air. 

There are no extra shafts or auxiliary valves, nor any tappings into the cylinders. There is 
only one compressed air pipe leading to the sole plate, air being delivered into the fuel duct and 
entering the cylinders via the inlet valves. ’ 

On a controlling pedestal is mounted a lever for controlling the free air supply, the three-way 
cock, the compressed air throttle wheel, the lever for controlling the gas supply, and the ignition 
switch. This permits the engineer to start the engine, bring it up to speed and adjust the air and 
gas to a correct mixture without leaving his position. 


























Fig. 628. 


7. The Mesta Machine Co., Pittsburg, Pa. This company is at present en- 
gaged in the development of a 500 B.H.P. engine, of which Figs. 627 and 628 show 
the essential features. It is intended finally to build these engines in sizes up to 5000 
iB EL.P; 
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SPECIFICATIONS FOR MESTA GAS ENGINE 


The Mesta gas engine is a horizontal, double-acting 4-cycle machine built either in single- or 
twin-tandem units and follows what might be called the standard lines of heavy duty prime 
movers of this kind, laid down in the well-known Niirnberg type, modified to meet the 
American requirements. 

Frame. The main frame or bed plate is plain and massive in its construction, combining 
strength and accessibility. Special attention has been given to the rigid connection between the 
bed plate and forward cylinder obtained by a double flange construction connected by heavy 
ribs. Following the American practice the crank pin is overhung and the main bearing is 
designed to meet this arrangement. The bearing is made of four parts with liner adjustment 
for the forward quarter box and wedge for the rear. This method offers less possibility of 
improper alignment so often found where both quarter boxes are wedge adjusted. The bearing 
cap is of the interlocking construction, acting both as compression and tension member over the 
jaw of the bearing, thus insuring great rigidity. 

Cylinders. The cylinders are cast of vanadium steel in order to withstand the high vibratory 
stresses caused by alternate explosions in the two cylinder ends and also in order to reduce the 
section of cylinder walls to a minimum, thus increasing the cooling effect of the jacket. The 
central portion of the jacket is cast open and covered with a split band, which can easily be 
removed, in case it should be required for any extensive cleaning around the cylinder of accu- 
mulated sediment from the cooling water. The lower part of the cylinder is also provided with 
covers which permit an easy access to the annular space around the exhaust-valve bonnet. 

The inlet valve is located on top of the cylinder and the exhaust valve on bottom. This 
arrangement has the advantage of symmetrical structure, tending to equalize the straims in the 
cylinder. A further advantage in this arrangement of placing the inlet and exhaust valves as 
far apart as possible is that the heating of the incoming mixture is diminished. The heating 
results in decreased unit density of mixture, and therefore means loss in the capacity of the 
engine. In placing the exhaust valve at the lowest point in the cylinder, dust and foreign 
matter is more easily swept out than in any side chamber construction. 

Valves. Both inlet and exhaust valves are of the mushroom type and operated by means 
of rolling levers and pull rods actuated by a single eccentric for each two valves. On the inlet 
valve stem is mounted a mixing valve consisting of a hollow sleeve which closely fits the 
annular gas and air passage. Ports in this sleeve register with ports in the gas and air passage, 
when the valve. through its rolling lever is opened. The quality and quantity of the incoming 
mixture is controlled by independent valves in the gas and air passages actuated by the 
governor according to change of load. 

Pistons. An important feature in the design of this piston is its being cast in one piece, 
with a perfectly symmetrical distribution of metal, thus overcoming to a large extent the 
iability of shrinkage strains and resulting tendency to crack under service. The water 
circulation inside the piston is obtained without the use of adjustable parts. There are no cored 
holes in the outer walls and a smooth surface is presented without metal plugs and_ their 
lability to leak. The piston is held floating free from the cylinder wall by means of an inter- 
mediate and rear cross-head and the piston rings touching the walls are so designed as to give 
a uniform bearing pressure. 

The Piston Rod is made in halves and connected in the intermediate cross-head. Pro- 
vision is made for adjustment of the rod both in the horizontal as well as vertical plane. 
Water is introduced to the rod in the center and discharged at both ends. 

Cylinder Heads. These are cast in one piece, cored out for cooling water, and properly 
recessed for the metallic packing, which is set so far back from the inner end of the head as 
not to require cooling in addition to that furnished for the head. The construction of the head 
is such as to allow for changes in compression if desired. 

Ignition. Two igniters are placed in each end of the combustion chamber, one at the top 
and one at the bottom, and are of the magnetic make-and-break type. A timing device controls the 
spark, which can be advanced or retarded to suit condition. Provision is made for connecting 
the timer with the governor in order to be able to change the point of ignition for change in 
load. 
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Air Starting. The simplest method of starting is obtained by introducing compressed air 
to the cylinders at a period corresponding to the power stroke in normal operation. This is 
accomplished by four cam operated poppet valves in the air main to the cylinders which auto- 
matically fall out of gear after the air is turned off. Check valves are located in the cylinder 
at the point of air admission and as soon as the engine gets an explosion the valve will close 
due to the higher internal pressure. The -air is then turned off and the engine is now in 
operation. 


8. The Allis-Chalmers Co., Milwaukee, Wis. This company was originally the 
American licensee of the Niirnberg engine, but has within the last year or two 
developed an engine of somewhat different type. The main changes from the Niirn- 
berg design apparently consist in the use of the side-crank frame and in the com- 
bining of the main inlet and mixing and regulating valve into one housing. Figs. 
629, 630, 631 and 632 will serve to show the important features of the design. 
The inlet-valve gearing and the regulation being radically different will need special 
mention, and the following description, in connection with Fig. 633, is taken from the 
Gas Engine Report above mentioned. 

“The operation of gas valve will be readily understood by referring to the figure. 
At H is shown the gas valve. This valve is of the double-seated type and is located 
concentric with the main inlet-valve stem. The gas enters to the space above this 
valve from the gas and air manifold N. Valve H is operated by means of two rods 
which “connect it with cross-head V, roller lever U and lever pin S, which pin is 
allowed to move up and down with the small cross-head V. The fulcrum lever 7 is 
forked on its inner end, and the ends of this fork are pivoted by pins to the valve 
bonnet; these pins being stationary in this bonnet and not moving with cross- 
head. 

Rolling lever U is connected to main inlet valve rolling lever through the 
connection as shown, and both levers move in unison. The end of fulcrum lever T 
is connected by means of its rod to the small eccentric placed on the shaft F. This 
shaft is rotated by the governor through the rod FH, and this causes the end of lever 7 
to take a different position dependent on the governor and thus the time of opening 
and lift of gas valve is changed accordingly. 

“It has been found that for gases such as blast furnace and producer gases, a 
double-seated valve will work freely, even after it has become coated with impurities 
contained in these gases, and it does not tend to stick, as would any type of 
cylindrical or piston-valve construction, and due to this it is possible to operate 
a double-seated valve through the means of a simple governor, and not necessary 
to complicate the governor arrangement by resorting to the use of a relay of any 
description. 

The small eccentric before mentioned is so arranged that it can be thrown out of 
gear and held in such position that the gas valve has no lift. This is useful when it 
is desired to cut off the gas from any of the cylinder ends. After the gas passes the 
valve H it mixes with the air which passes in through the holes arranged in the 
sleeve extending into air passage; the flow of air is at nearly right angles to the 
current of inflowing gases, thus obtaining thorough mixing of gas and air on their 
passage to the cylinder. The air is proportioned by a valve located in air and gas 
manifold N; this valve being operated through means of the hand-wheel shown at D, 
and, when once set, does not need changing unless there is great variation in the 
quality of the gas supplied.” 
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Fig. 629.—Allis-Chalmers 4-cycle Double-acting Twin Tandem Engine. 
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Fig. 631.—Plan View, Allis-Chalmers Engine. 
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Fic. 633.—Cross-section of Cylinder and Valves, Allis-Chaimers Engine. 
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Sine, William, Tod Co,, 
Youngstown, Ohio. The en- 
gines built by this company, like 
all of the large American engines 
with the exception of the De la 
Vergne-Korting, is of the 4-cycle 
double-acting tandem type. Figs. 
634, 635, and 636 show the general 
make-up of a 8042’ engine, 
which has been in service since 
March, 1908. A 42X60” engine 
direct-connected to two 8060” 
blowing tubs is now building. 

The three general views above 
mentioned, together with the cross- 
sectional cuts in Fig. 637, will 
serve to explain the construction. 
The use of the side crank frame 
and the split cylinder jacket has 
about become standard practice. 
The cylinders are cut in half, 
bolted at the middle, and are 
supported at the ends only, the 
two cylinders, the distance piece, 
the tail frame, and the main frame 
all being held together by four 
strong continuous tie-rods. 

The valves are located top 
and bottom. For one cylinder- 
end they are operated by one 
eccentric, the exhaust valve direct, 
the inlet valve by means cf a 
bel] crank. There is nothing cut 
of the ordinary in the construc- 
tion of either exhaust or main 
inlet valve, but the mixing and 
governing arrangements are liffer- 
ent from those found in any other 
American engine. 

The engine governs by propor- 
tioning the amount of gas to the 
load, there being practically con- 
stant compression. The mixing 
valve is a three-seated sleeve shown 
in Fig.638 just above and concentric 
with the main inlet valve. This 
valve moves up and down with the 
inlet valve. Above this mixing 
valve is placed the regulating 
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Ira. 634.—Double-acting Tandem 4-cycle Engine, Wm. Tod Co. 
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valve of which a plan view is shown in Fig. 639. This valve consists of four disks 
having segmental slots as shown. The upper disk is oscillated about its center by 
means of the longitudinal rod H which passes along both cylinders and operates the 
disks in the other valve housing in exactly the 
same way. Owing to the motion, the slots in 
the disk alternately open and close similar slots 
in the stationary disk directly below it. Rod H 
receives its constant back-and-forth stroke from 
a small crank which is clearly shown above the 
cross-head guide in Figs. 634 and 635. At full 
lead the motion of the small crank is in- phase 
with the motion of the main crank, that is, 
the disk valve cpens at the beginning of the 
suction stroke, and furnishes gas full stroke. 
As the load drops, the governor, by means of 
the floating spur gears shown in Fig. 640, causes 
the governor crank to lag behind the main 
crank, thus retarding the time of opening of 
' Fig. 639.—Governing Valve, Tod Engine. the gas valve, the cylinder drawing only air 
during the first part cf the stroke. 

This method cf governing has been found entirely successful in practice as long 
as the quality cf gas was fairly constant or did not vary too suddenly. To take care 
of a change in the quality of gas, there is placed under the stationary disk a disk 
throttle whcse position may be changed by: hand through a worm, thus adjusting the 
gas to air according to the quality cf the former. 

No cperating results from this engine are available. Although the heating value 
of the gas varied suddenly from 70 to 110 B.T.U., which caused some irregularity in 
firing, the engine regulated satisfactorily and carried overloads up to 20% for long 
periods. 

10. The A. H. Alberger Co., Buffalo, N. Y. This firm builds a type of engine 
which is finding much application for medium powers, that is, the single-acting tandem. 
The main features of the construction become plain from Figs. 641, 642 and 643. The 
design has the merit of great simplicity. An unusual feature in the cylinder construction 
is found in the use of an unjacketed head for the back cylinder. The valves are placed 
side by side in a chamber at the side of the cylinder, as shown in Figs. 641 and 644. 
Neither valve is water-cooled and both are mechanically cperated from a lay shaft under- 
neath by means of , simple cams. A small eccentric on the lay shaft, Fig. 641, also 
operates the make-and-break igniter at the inlet side of each valve chamber. The two 
inlet valve chambers are connected by a cast iron header, at the middle cf which i; 
mounted the mixing and governing valve, see Fig. 645. This valve consists of a 
hollow cylinder divided into two parts by a partition across it. Ports cut in the side 
of the cylinder match with similar ports in the side of the cage surrounding the valve. 
Gas is admitted to the header through the upper ports cf valve and cage, and air through 
the lower. The vertical adjustment of the valve in the cage controls, the ratio of air 
to gas. Raising the valve by means of a thumb screwsdocated on the ‘outside of the 
mixing chamber decreases the gas ports but increasés the air ports by the same 
amount, so that the total effective port area remains the same. Lowering the valve 
has the opposite effect. The mixture is admitted to the header by oscillating the 
valve in its cage, alternately opening and closing the ports first for one cylinder and 
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lic. 641.—Alberger Single-acting Tandem Engine. 
oD fon) 5 





Pie, 642.—Cylinder Construction, Alberger Single-acting Tandem Engine. 
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Fic. 644.—Valve Chest, Alberger Engine. 
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then for the other. This motion is produced by connection to the pin of a Rites 
inertia governor shown in the wheel in Fig. 641. The position of the governor cuts 











Fic. 645.—Governing Valve, Alberger Engine. 


the mixture off earlier or later during the suctioa stroke. The use of a governor of 

e 5 

his type is unique in gas engine practice. The regulation with this system of 
YP q 5 5 Pp 5 Ay 

governing can be made very close, but, as applied here, it is not possible to change 

speed while the engine is running. 

This is desirable sometimes in water- 





air, gas, or ammonia compressors, 
etc., for which reason the firm also 
uses 2 throttling (fly-ball) governor, 
operated from the lay shaft, as shown 
in Fig. 646. 

Alberger (Buffalo) tandem gas 
engines are built in sizes from 35-250 
B.H.P. for producer gas and from 
45-300 B.H.P. for natural gas. Twin 


tandem units, the layout of one of 
Fic. 646.—Throttling Governor, Alberger Tandem Engine. which is shown in Fig. 643, double 








these capacities. 

11. The Struthers-Wells Co., Warren, Pa. Figs. 647, 648 and 649 show a 
type of tandem engine, built by this company, which is distinctly different from the 
one just described. The illustrations are sufficiently clear to explain the construction 
without further description. The construction of the frame, cylinder heads, and barrels, 
valve cages, etc., with a view to accessibility and easy removal, is somewhat out of 
the ordinary and deserves special mention. 


works engines, in engines driving 
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This firm also builds several other types of engines 


but information regarding economy, etc., did not 


, both vertical and horizontal, 


seem to be available either for these 
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The Report of the National Electric Light Associa- 





or for the engine above illustrated. 


tion states that the firm guarantees for the tandem engine a gas consumption of not 
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over 10 cu.ft. per B.H.P. hour for natural gas of approximately 1000 B.T.U. per cu.ft. 


It is also stated that on a recent test the consumption was shown to be 8.1 cu.ft. 


per B.H.P. hour, the gas containing a little less than 1000 B.T.U. per cu.ft. 
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INLET TO STE! 
Cross-section of Cylinder and Valves, Struthers-Wells Single-acting Tandem Eugine- 


Fig. 649. 
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B. PORTABLE AND SELF-PROPELLED ENGINES 


Under this head are considered simple portable power trucks, traction engines, 
automobile and marine engines. The various types built are nearly all operated with 
liquid fuel (gasoline, kerosene, and lately also alcohol), mainly because these fuels 
have the greatest heating value per unit of volume! An exception to this rule is 
found only in gas traction engines or gas railways, in which the fuel consists of a 
comparatively small quantity of illuminating gas highly compressed (see p. 508). 


I. Portable Engines 


Fundamentally our present day portable oil engines are in reality nothing more 
than engines mounted on trucks, together with muffler, oil tank, water tank, and other 
auxiliaries. A construction which unites into one harmonious whole all of these 
component parts, such as is exhibited by portable steam engines, has not yet appeared 
and is in any case not as easy to obtain as in steam locomobiles, the main part ‘of 
which consists of the boiler, which in turn may be made to carry the auxiliaries. 
The oil locomobile, on the other hand, requires a special frame to act as foundatioa 
for the engine and the only thing remaining to the designer then is to place the 
auxiliaries as best he may to obtain good appearance. 

The most important market for the portable oil engine is of course created by 
the agricultural demand, and builders have naturally paid most attention to the 
needs and requirements of this industry. The builder usually bases the power capacity 
of the locomobile under consideration upon the nominal power demand of his threshing 
machine, which requires most power among agricultural machines. Since the internal- 
combustion engine lacks the overload capacity that would be possessed by a steam 
locomobile, to be on the safe side the oil traction engine should be given a maximum 
capacity at least 40 or 50% above the normal power demand of the thresher. Failure 
to take this important point into account is always followed by trouble for both 
buyer and builder. 

The threshing drums usually make from 1200 to 1400 revolutions per minute. 
The diameter of the pulleys is from 64 to 8” with a width of face of about 8”. The 
belt speed is in the neighborhood of 40 ft. per sec., so that this as well as the ratio 
between driver and driven pulley is comparatively high. For good operation the 
distance between shafts should not be less than 15 ft., and the heavy belt not only 
brings considerable stress to bear on the crank but also renders difficult the starting 
of the larger sizes. . This trouble is often avoided by the use of a countershaft which 
drives the drum, so that the engine may be started with the main driving belt at 
rest. The same end is reached by simpler means by use of any of the well known 
designs of friction clutch. The belt is to be placed in such a way as not to interfere 
with the attendance of either engine or thresher. The fuel and water supply carried 
should last at least ten operating hours. 


1A steam locomobile for each effective B.H.P. requires at least 64 lbs. of coal and about 45 lbs. 
of water, together, say, 50 lbs. of material. An oil locomobile requires only from about .7 to .9 lb. of 
oil for fuel, and, if cooling by vaporization is used, about 2.2 lbs. of water per B.H.P. hour. The 
weight of these materials therefore that must be carried per H.P. hour in the oil engine is therefore 
only from 7s to zo of that required by the steam locomobile. 
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The fuel consumption of locomobiles, as in general that of all portable and self- 
propelled motors, is usually somewhat greater than that of similar stationary engines 
of the same capacity. The main reasons for this are found in unavoidable jars and 
vibrations to which the vehicle is subject and which absorb a certain amount of the 
power developed, and the less perfect formation of mixture, cooling. etc 

Designs of Locomobiles: ) E 





Fia. 650.—Deutz Alcohol Locomobile. 


The portable alcohol engine of the Gasmotorenfabrik Deutz, during the last tests 
under the auspices of the German Agricultural Society, showed the best results. The 
fuel consumption varied as follows: 


Alcohol per B.H.P. hr., lbs., .802 at 16.8 H.P., maximum load. 
.855 at 12.1. H.P., normal load. 
1.113 at, 6.27 H.P., half‘load: 
and 4.62 lbs: per hour at no load. 


Table 106 shows the dimensions of the usual sizes of locomobiles built by this 
company. 
TABLE 106 
DIMENSIONS AND WEIGHTS OF DEUTZ ALCOHOL LOCOMOBILES 














Normaltrating bse | ae. een aie 4 6 8 12 16 20 
R.p.m. of driver on countershaft......... 450 445 420 420 ey 345 
Approximate weight; lbs................. ‘| 4620 5720 6820 8800 11450 14300 
Maximum length, without tongue, ft...... 9.85 10.18 10.50 11.15 | 12.45 13.10 
Marxamntom wiculosehtina.rs ait eae ae 4.75 5.08 5.42 6.08 6.72 7.20 
Marxamiumsheiphittattes sn. asec eer 6.90 7.05 7.20 Ges 8.53 9.00 
Diameter driving wheel, in............... 21.3 21.3 DBI 23 26.0 28 .4 
Hace drivine wheel wines seme tia eee L155 "673 eth 129 Se 9.5 
Wiheell base sintieweets te. ceycicte saci eee cies 59.0 63 .0 67 .0 73.0 82.7 89.5 
Wheel tread in ate 1. eveisioschcoere see er 36.6 39.8 42.9 48.5 52.3 57.5 
‘Widthrotetine simnreress.) <i seaace mena 4.72 5.12 5. OL 5.92 6.31 6.70 
Diameter frontawheels,in-ivaa0- see ete 28 .2 29.5 29.5 31.6 35.4 35 .4 
Diameter rearswheels, in. 3.5 acsceee eee 39.4 39.4 . 39.4 43.4 47.3 47.3 
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TABLE 107 
DIMENSIONS AND WEIGHTS OF GNOM LOCOMOBILES 



























































55> 





| 

1 
ie 
by 


Fias. 651-653.—“‘ Gnom”’ Lo- 
comobile, 8 H.P., Motoren- 
fabrik Oberursel A.-G.,Ober- 
ursel, near Frankfurt M. 


Water is cooled by means of 
cooling tower. 
For details of engine see Figs. 
526, 527. 
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Normalirating; Brides tee el as 2: 3 4 5 6 8 10 12 15 20 
REP. Mon countershatt..0.)-- 1. -- 360 | 350 | 300 | 300 | 250 | 240 | 250 | 250 | 250 | 250 
NWicichtsineludimoacoum eres Os aemras men aA Mi Garchcn Nee ir let al noeyot | Syeda lee il acct. Wx stews | eevee 
Diameter { of countershaft or } in. | 19.8 | 19.8 | 19.8 | 23.6 | 35.5 | 35.5 | 39.4 | 39.4 | 39.4 | 39.4 
Width | driving pulley, ieee | Po.Sul 8.6.1) SOs toum Wee meet 7541 7.8 | OL 
Widthrofibel tering aie. tartare see 2.36| 2.76) 3.53) 3.94) 4.72) 5.12) 5.90} 6.70} 6.70} 7.90 





























~ *Counter-shafts used above 6 H.P. The driving pulley or the counter-shaft runs a trifle slower than 
the pulley on the crank-shaft (see figures in Table 62, p. 361). 
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Fic. 654.—Wenzel Locomo- 
bile, built by Fr. Zimmer- 


mann & Co. 


Halle S. 


Akt.-Ges., 


Water cooled by extended 


surface radiators. 


Friction-transmission gear. 
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Aerosene 
Suppity ror 





Section A-B 
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Fias. 655-657.—Altmann 12 B.H.P. Locomobile, 
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Hit-and-miss speed regulation; cylinder cooled 


by vaporization (see p. 300). 
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TABLE 108 
DIMENSIONS AND WEIGHTS OF ALTMANN KEROSENE LOCOMOBILES 
Rated EBSHsP irre cs a apse 2 4-5 6-8 8-10 10-12 12-15 16-20 | 20=25 
Nelo TREN Os Gis aio oc Me & 220 220 220 220 220 200 200 200 
Approx. weight, lbs......... 2530 4400 5060 6600 7700 8800 4900 11000 
Max. length (without....... 
tongue) etter ae as sere coe 7.22 10.65 10.65 10.65 | 10.65 11.50 11.50 | 11.50 
Maximum height, ft......... 3.60 5.90 5.90 5.90 5.90 5.90 5.90 5.90 
Maximum width, ft....... .| 7.22 7.22 122 22 22 8.20 8.20 8.20 
Fly-wheel { diam. and \ in.. .{39.4X3 |47.2X3.9|47.2X5.9 51.2X7.9 51.2X9.1/59 X9.959 X11/59 X118 
Belt pulley | width fin.. .{13.8X5.9]19.7 X3.9]19.7 X3.9 19.7 X7.1|19.7 X7.1/23.6 X7.9 23.6 X11/31.5X11.8 
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Fire Pumps operated by gasoline engines are superior to steam fire pumps in 
that they are ready for immediate operation and, on account of their smaller weight, 
are easier to handle. To do away with the use of teams these pumps have also 
been constructed as automobile pumps. 
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II. Motor Plows 


The oldest motor plow was built by Ganz & Co. and was introduced in 1896. 
This plow was direct-connected, that is, the implement itself was directly driven by 
the engine, and it represented the first useful solution of the long-standing problem. 
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Ganz & Co., following the patents of their former general manager, Mr. Mechwart, do 
not use the ordinary plow share, but a sort of “drum” plow, illustrated in Figs. 
661-663. This is suspended at the rear of the locomobile and turns with moderate 
speed while the locomobile moves ahead. A 12 H.P. gasoline engine used in the first 


1 For greater detail, see Z. d. V. D. I., 1896, p. 1367. 
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types proved itself considerably too weak for rapid and sure operation in difficult 
soil. The power capacity was then increased step-by step until the final motive power 
consists of a 40 H.P. four-cylinder vertical twin engine (each pair of cylinders in 
tandem) making 600 revolutions per minute. 

Of German gas-engine builders only the Motorenfabrik Oberursel builds motor- 
plows, Figs. 664 and 665. They pay special attention to the use of alcohol as fuel. 
The first attempts of this firm at building direct-acting motor plows do not’ seem to 
have been very successful, because the alcohol motor plow made by them to-day 
employs the so-called double machine system. This consists in placing a locomobile 
at each side of the field and having them draw a plow back and forth over the field 
between them by means of a wire rope. After each furrow the machines are moved 
sidewise the required distance. 

The construction of such plowing machines does not offer any particular difficulties; 
the arrangement of the drives, etc., may be directly based on the designs of successful 
steam plows. The main point again is to make certain that there is ample engine 
capacity. Less than 20 B.H.P. should never be used, and it is better to commence 
with from 30 to 40. But under such, conditions the motor plow nc longer possesses 
any advantage over the steam plow regarding cperating costs. 

In spite of this fact agriculturists in general take a great deal of interest in the 
further development of the motor plow, especially with reference to the use of alcohol 
as a fuel. The principal thing expected from them is the general introduction of 
machine plowing which at present is not possible on account of the high cost of steam 
plows. The total capital cost of plowing machinery is of course least with the single 
machine system, for which reason, and in spite of the unfavorable results so far 
obtained with steam plows working on this system, attempts are constantly made to 
solve the problem with motor plows. It is true that the single machine system is 
best adapted to the motor plow because there is a pause of only about one minute, 
while the machine is changing to the next furrow, for every period of operation 
lasting from 3 to 5 minutes. The engine is therefore in use a large proportion of the 
time. In the usual two-machine system, on the other hand, each engine works for a 
period of from 3 to 5 minutes, plowing one furrow, and then rests for a period 
lasting from 5 to 8 minutes, while the opposite engine plows the next. Now 
it is well known that an oil engine is quite sensitive against such continued inter- 
ruptions in the operation and starts again only with comparative difficulty. Hence it 
becomes almost necessary to keep the engine in motion also during the idle periods, 
which 6f* course seriously affects the economy of the entire system. The single 
machine system is therefore not only cheaper as to first cost, but also more economical 
in operation. | 

‘As points in favor of the motor plow may be mentioned their lighter weight and 
the lower demand for fuel and water, as compared with steam plows. The fuel cost 
of moving them around from one place of operation to another is consequently less. 
Under certain circumstances these advantages may be more than sufficient to over- 
balance the greater costs of the kind of fuel used. Considerations of this kind of 
course by no means assure the future of the motor plow. The market for them is 
probably not extensive enough to lead manufacturers to undertake any extended and 
costly series of experiments, especially not at this time when the gas engine industry 
finds an apparently much more promising field in the building of blast-furnace gas 
engines, suction-gas plants, etc. 
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III. Motor Vehicles 


This term includes automobiles and automobile trucks, for the transportation of 
passengers and freight, and motor boats. In a wider sense it also comprises self- 
propelled fire engines, traction engines, etc. The latter, however, will be treated, 
together with motor railways, under the next heading. 

Concerning automobile engines proper, the author refers to his little special treatise 
on this type of engine. In addition some of the later constructions are given below. 
The power required by an automobile may be estimated with sufficient accuracy by 
allowing 2.2 B.H.P. for every 1000 lbs. of total weight and for a speed of 10 miles 
per hour, assuming average roads and weather conditions.2 It is not possible to give 
a generally applicable method of computing the power required on account of variation 
in the resistance encountered and the general uncertainty regarding them. Of the 
power developed in the engine, from 20 to 50% (and in especially bad cases even 
more) are lost in transmission between engine and driving wheels. The average 
powering of motor vehicles shows a steady increase. At present light automobiles are 
supplied with from 6-10 H.P., the heavier cars have from 15-20 H.P., while some of 
the racing cars show from 60-80 H.P. 

All motors vehicles must be able to reverse their direction of motion (to back up). 
But since up to now no successful scheme has been worked out to reverse the engine 
itself, this can only be done by means of some auxiliary apparatus. Such change or 
reversing gears are interposed between the driving axle and the crank-shaft. In the 
case of motor boats, a device very often used is the reversible propeller in which, by 
varying the position of the blades, the direction of motion of the boat may not only 
be reversed, but intermediate speeds either ahead or astern may be obtained. But 
all of these reversible propellers when used under considerable stress any length of 
time develop bad faults, so that their use for large powers is almost out of the 
question. As soon as the power exceeds 60 or 80 H.P. there is no doubt that the 
ordinary screw with solid blades will give better service, and motion astern will then 
have to be obtained by the use of some reversing gear or clutch. This does not 
mean to say that the latter scheme is perfect, but it is the most reliable as long as 
a good way of reversing the engine itself is as yet not available. Until the latter 
problem is solved it is quite likely that the use of internal-combustion engines in 
marine practice will be largely confined to the smaller capacities. 

In consideration of the fact that the crank-shaft must be direct-connected to the 
propeller shaft, the engine speed should not exceed from 250 to 350, as a maximum 
400, turns per minute. Between engine and propeller shaft there should be a clutch 
in order to be able to start the engine when not under load. In the case of freight 
and tug boats the clutch should be so designed as to allow of somewhat continued 
slipping of one half upon the other, in order to bring the engine up to load gradually. 
A sudden taking hold of the clutch may bring the engine up standing. Where 
reversible propellers are used this of course may be done by gradually changing the 
position of the blades: The fly-wheels for these engines should combine maximum 
moment of inertia with smallest diameter. This has often led to making them solid 
disks with wide heavy rims. It is usual to deliver marine gas engines together with 
their auxiliaries mounted on structural steel frames to the builders of the hull, to- 





1 Konstruction und Betriebsergebnisse von Fahrzeugmotoren fir fltissige Brennstoffe, Berlin, 1901. 


Julius Springer. 
2 For the mathematical derivation of this statement see the author’s treatise referred to, p. 44. 
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gether with directions concerning the erection. The following extract from one of the 
older sets of “ Directions for the Erection” of Capitaine-Grob marine engines may 
serve as an example of this practice. 

“The engine represents a certain weight whose position must have some influence 
on the position of the hull in the water. The latter should in all cases be the natural 
one, that is, not down by the stern and least of all by the head. The factors that 
must also be considered in the problem are the effect of the cargo (passengers or 
freight) and the fact that a boat under headway always exhibits a tendency to lower 
the stern. The proper consideration of all these things determines the right location 
for the engine, which may be at the middle, that is, coinciding with the displacement 
center of gravity, or may be ahead or astern of the same. Other qualities of the 
boat, such as speed, etc., are not materially affected by engine location. - 

In boats of ordinary proportions of hull, the engine is best located nearly in the_ 
middle. Care should of course be taken to see that the center line of the shaft comes 
directly over the keel to avoid unequal distribution of the load.. 

To securely place the engine it is necessary to connect a number of frames by 
means of a foundation plate so that both engine and thrust block may be placed on 
it, thus rigidly connecting the two. 

It is of the greatest importance to have both engines and thrust block on a 
common foundation plate. 

The engine should be set as far down as the fly-wheel permits, and its position should be 
inclined enough to have the center line of the shaft coincide with that of the stern tube. 

The lower part of the fly-wheel should be encased water-tight in order to protect 
it against bilge water. 

When no special engine room or cabin is provided, that is, when the boat is 
open, it is advisable to encase the engine. To leaveit without any protection whatever 
might lead to serious rusting. Where the boat carries a cabin, it pays to partition 
off a portion of it to accommodate the engine. In the larger boats of course separate 
engine rooms are provided as in steam vessels. 

The exhaust muffler is best placed ahead of the fly-wheels between two of the 
frames. The pipe from the engine to the muffler should of course be as short as possible. 
The pipe from the muffler may be laid along a longitudinal wall to the stern, having near 
the end a slight incline to avoid the water. To make the exit horizontal might cause 
the gas to give trouble, neither is it advisable to exhaust under water. 

If in an open boat the motor is encased, ample opportunity should be given for 
free access to all of its parts by means of doors or covers. 

The fuel tank is in most cases best placed in the bow, and should be made as 
large as possible. In order to utilize all the available space, the tank is usually made 
to conform to the shape of the vessel and is therefore best made on the spot. The 
engine is furnished cooling water by means of the pump attached. The suction pipe 
of this pump is directly connected to a sleeve passing through the bottom of the hull. 
The warm water is discharged in a similar way. The suction opening should be 
provided with a screen to prevent the access of foreign bodies to the pump. Both 
suction pipe to pump and outlet for the jacket must be furnished with a three-way 
cock, so that the water may be shut out when the engine is to be taken apart and 
also to be able to drain the pump and jackets in winter. 

If the boat is to be used on salt water, the engine cylinder should be cooled by 
vaporization with fresh water, because the salt water is apt to deposit scale- on the 
jacket walls and to corrode the metal. 
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The power required by motor boats under ordinary circumstances is given in 
Table 109. The power required by tug boats in water comparatively free from current 
(canals for instance) is estimated at .1 B.H.P. for every ton of towage and for speeds 
of from 3 to 5 miles per hour. The figures, however, apply only under favorable 
average conditions; stormy weather, counter-currents, bad design of hull, etc., cause 
considerable increase in the power demand. 


TABLE 109 
DIMENSIONS AND PERFORMANCES OF MOTOR BOATS 























Engine Length of Speed, pone Towing Draft, 
-H.P: Boat, Feet. Miles per Hour. Capacity, Tone Ft. 
Freight, Tons. Passengers. 
1 20.0 3.8 Tis 8 soe 
2 23.0 5.0 2.0 12 ah 1.64 
3 26.4 5.6 3.0 16 30 1.64 
4 29.5 6.2 4.0 22 40 1.97 
5 32.8 6.9 5.0 26 50 2.30 
8 36 .0 8.1 6.0 30 80 2.62 
10 39.4 8.7 8.0 36 100 3.94 
12 42.6 9.3 8.0 36 120 4.10 























The fuel consumption of automobile engines varies from .16 to .24 lb. of gasoline per ton 
mile, for the average condition of road and depending upon size aad quality of engine and car. 

For the larger boat engines, fuel costs alone amount to gbout .04 cents per 
ton mile with suction-gas engines and .20 cents with oil engines. Opposed to this 
are a cost of from .24 to .82 cents per ton mile for towing by horse or mule team 
and of from .28 to .40 cents per ton mile for electric towing.! 

The ratio of ‘‘ steaming radius’ as between steam vessels and motor boats is from 1:6 to 
1:8 (1 cu.ft. of coal is estimated to furnish 84 H.P. hours, the same volume of fuel 011 supplies 
58 or 60 H.P. hours). Suction-gas installations require more space for both power plant and 
fuel than oil engines, hence the economic superiority of the suction-gas plant is the deciding 
factor. The first gas tugs were built by the Gasmotorenfabrik Deutz; lately, however, Emil 
Capitaine has also taken up this particular field of usefulness for the gas engine with a great 
deal of energy.” 

Designs of Automobile and Launch Engines: 
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Fic. 666.—Opposed Engine, Wenzel Type, y eee A 


built by Fr. Zimmermann «& Co., Halle 8. nics 





Does not differ materially from the engine 
shown in Fig. 667. Used mainly in kero: 





sene locomobiles, rated capacity 8-12 H.P. 


* Note that these figures are quoted from German practice. 
7See Capitaine’s paper before the Schiffbautechnische Gesellschaft, 1904, printed in the year book 
of the Sch. G., 1905, Berlin, J. Springer. 










Fic. 667.—Opposed (Balanced) Engine, 
Capitaine Type, built by the Leipziger 
Motorenfabrik vorm. Swiderski. 


(The combustion chamber, d, is contained 
between the heads of the opposed trunk 












Y 
Y ; : 
Z pistons, which latter are connected to cranks 












Z 
y 180° apart. Inlet valve a is automatic, while 
Ktig 
ST 





the exhaust valve b is operated by an eccen- 





tric through two-to-one gearing, cis a throttle 




















valve for air. The vaporizer acts as igniter 








and is located opposite b). This construc- 





tion results in good balance, so that high 
speed is permissible.* Capacity up to 12 











H.P., mostly used as a launch engine. 




















Fic. 668.—Six-cylinder Loutzki Boat Engine. 

Rated H.P.=500 at 900 r.pm. (D=12”, S=7.9”). Fuel is alcohol or 
gasoline. Weight approximately 5280 lbs. when crank case is made of “ Metorit”’ 
(aluminum alloy). Hach cylinder has two igniters, one compressed air starting 
valve, and one combined inlet and outlet-valve, as per construction shown in 
Fig. 669. The latter valve, on account of its small lift (=.5’’ while the dia.= Viv eie . ; 
11.0”) 1s supposed to admit of high rotative speeds. (Valve disk a is internally ~ 165600. ombined ae 
cooled and operated from shaft a’; concentric valve b is operated by the two let and Outlet Valve, 
rods b’ and seats at c. Loutzki. 


Exhaust 
Mixture 








* The inventor of this construction, intended to secure balancing, is Ch. Brown, who applied it to steam 


engines (see German Patent No. 72625, 1893). Capitaine was the first to apply the principle to internal- ; 
combustion engines. 
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Fics. 670-674.— Six Cylinder Loutzki Boat Engine. 


Rated Capacity 300 B.H.P. at 600r.p.m. Weight complete 8800 lbs. Fuel consumption‘at 320 B.H.P. 
ij (max. capacity) was found to be .573 lb. of gasoline or .793 lb. of alcohol per B.H.P. Hour. 


Sympots: a, inlet valve; b, exhaust valve; c, spark plug; d, d’ and e, throttle valves for air, gasoline 
vapor and mixture; f, carburetors; g, exhaust muffler, water cooled externally, internal air pre-heater; h, 
shaft governor (controls throttle valve, d’); h’, commutator for ignition system; 7, circulating pump; 4h, 
vent pipe: J, oil cups for the pistons; m, magneto; n, control lever to adjust supply of cold and pre-heated 
air; 0, same for the carburetors; p, governor reach rods; gq, spark coils; 7, interruptor; s, switchboard. 
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TABLE 110 


DIMENSIONS AND WEIGHTS OF WENZEL AUTOMOBILE AND LAUNCH ENGINES, BUILT 
BY H. KAMPER, G.M.B.H., BERLIN, W. 


SINGLE-CYLINDER ENGINES, Fies. 675-677 


(Dimensions in inches) 













































































Model. |R8ting) R.p.m. "Siroke,, cd Wee tGn aD \elrle@|a| rea lan lol oun 
ches. 
A |. 3  |800-1000|3.54x3.94| 143] 8.5/1.56| 3.9|1.77|18.7|24.4] 12 1.97 5.54.37] 7.9] .98] .71|.51] 9.3/3.31| 5.9 
B 4 |800-1000)3.943.94] 165] 8.3/1.56| 3.9/1.77)/19.1/24.8] 14 1.97) 5.9/4.77| 6.31.10] .71).50| 9.0/3.54] 5.9 
C 6 |800-1000|4.33X4.73| 220] 9.6/1.97| 4.7/1 gras 429.1) 14 1.97] 6.3/5.42] 6.8/1.26] .87].51|10.6)4.18] 6.7 
“DAB TEN lel 


— 


Two-cyLINDER ENaings, Fies. 678-680 





























Agde  RtAe Tee ini |) were a| | p| x PVG ee PR lu vnio|Ple | n| s r\iu 
D 8 |750-800| 264] 7.1] .78| 6.1)1.77/28.2/29.3 14] 3.9) 8.1}12.0 3.9/1.42| .98|.51| 7.9|1.97| 3.9 8.312.36/15.77 
E | 10 |750-800| 319] 8.4] .98 5.911.972 .6|32.7| 13] 4.3] 8.9|13.4 reece |i: 9.5]1.97 4.3 9.113.34115.7 


| | 


5.9)1.81 1.18] .63/12.2)2.76 4.7 9.8) 3.9/19.7 


eal | 


63 | 
6/35.4) 2 Pea 


| 
F 12 |750-800} 440 pa Ga 8.0/2: 3012 ; / 











IV. Motor Locomotives and Gas Railways 


Motor locomotives (traction engines, etc.) nearly always use liquid fuel. This 
branch of the gas engine field has received but little attention in Germany and on 
the continent in general, although many gas traction engines are in use in English 
and other colonies. It is quite likely, however, that the attempts which have for 
several years back been made by a number of the world powers to adapt the traction 
engine to army service will do much to stimulate the further development of this 
branch of the industry. The prize competition instituted in 1901 by the Prussian 
War Office, and from which a great deal was expected, had practically no results, 
mainly because the requirements imposed upon the competitors were impossible of 
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fulfilment at that time. It served the purpose, however, of giving an impetus to 
the entire industry, which will very likely result in some benefit to the development 
not only of the traction engine but of the entire field of self-propelled vehicles as 
well. 

Gasoline or oil locomotives (running on rails), the building of which was to 
the author’s knowledge first taken up by G. Daimler some twenty or more years ago, 
have at the present writing reached a high state of development and are in extended 
use on industrial railways (narrow gauge) of all kinds. Their average power capacity 
does not at present exceed from 12 to 15 H.P., except in rare cases. But a good 
solution of the problem of direct reversibility Poul also do a great deal toward 
further development in this case. 

Gas locomotives burn illuminating gas compressed to from 120 to 225 lbs. per 
sq.in. This gas is carried in tanks, which hold sufficient fuel for certain limited 
distances, the pressure being reduced before use to nearly atmosphere by means of 
automatic regulators. 


Fig. 681.—Main Dimensions and Capacities of Motor 
| 
| 





Locomotives, Fig. 681, built by Capitaine-Grob Co. 


Normal speed 5 miles per hour. Lets 











The weight in service depends upon the rail gauge. = = 











A change in gauge changes the weight. 
The total loads moved (exclusive of weight of engine), 





as given below, are based upon the assumption that the \ sh, 
ears as well as the track are in fair condition, and that © ) 














the weather conditions are normal. 




















TaBLE 112 
Nominal horse- owen wate enna ray lites ect ic ieee 4 6 8 10 
INumberot drivinesaxlesy) cemioe asoins atoeaets elite ti osaein oe ore 2 2 2 2 
Diane temomwicels etter sr mrrcmrccnitr stinker esteem anys 1.97 1.97 2.30 2.30 
RWihee lppase win chosen ctetar rrsnieid-cwarainsond alias hci. tous 33.5 33.5 35.4 37.5 
Minimiume cance winches act dnmoe ada cdmorh soci ccs y on anes Wats TONG 19.7 23 6 
Supply of cooling water, pounds... ..............s.se seen 110 110 165 220 
Supply of kerosene (sufficient for ten hours), gallons......... §.2 6.5 9.1 10.4 
Weight of locomotive in service, approx., pounds........... 3520 4400 5500 7270 
BiffectivesractiveenorvOOUNGS. antic cmc ao ase yoccnys ene 275 374 517 725 
1:20 =50% 8 1.0 1.5 2.0 
1:25 =40 1.0 L.5 2.0 3.0 
1230m—SoKe 1.5 2.0 3.0 4.0 
ie40n—25 2.0 3.0 4.5 6.0 
‘Total loads moved in tons (exclusive of : we ee ad ee 7.0 8.0 
weight of locomotive) on grades of ES Se ao O° ene oo 
1:80 =12.5 6.0 7:5 10.0 13.0 
1:100=10 7.0 9.0 13.0 16.0 
1:200=5 11.0 14.5 20.0 25.0 
1500 —2 15.0 21.0 29.0. 35.0 
iecoce—() 20.0 28.0 39.0 50.0 
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Fie. 682.—Deutz Motor Locomotive. 


The smaller sizes of Deuiz gasoline 
mine locomotives differ somewhat re- 
garding the construction of the trans- 
mission gear, etce., from the types 
shown in Figs. 682-684. The external 
dimensions are such that the com- 
pletely erected locomotive can pass’ 
through the mine shaft. (See Z. d. 
V.D.1., 1902, p. 490). 





TABLE 113 
PRINCIPAL DIMENSIONS AND CAPACITIES OF DEUTZ LOCOMOTIVES 





Mine or | Mine or | Mine or Street Mine or Street Mine or Street Street 





Ty Agricul- | Agricul- | Agricul- Railway Agricul- Railway Agricul- Railway Railway 
ype tural tural tural or Switch tural or Switch tural or Switch | or Switch 
Railway.| Raiiway.| Railway. | Engine. Railway.| Engine. | Railway. | Engine. Engine. 
Size of engine, B.H.P. 6 8 12 16 24 “32 





Tractive effort on level 
track, based on a 


speed of m. per hr... .)2.5-4.5]2 .5-5.6} 2.5-7.5) 2.5-7.5| 2.5-7.5] 2.5-7 .5| 2.5-7.5} 2.5-7.5] 2.5-7.5 
=appr. lbs.|572-330/770-352]1152-384/ 1100-352] 1560-505) 1540—462/2420-770|2420-770|3180-1010 
Length incl. buffer, ft..| 9.05 | 9.80] 11.65 10.5- | 11.80 Brahe 13.10 | 11.80-} 13.10- 
12.30 13.10 14.45 
Minimum width, ft...| 2.63 2.86 3.35 6.65 3.78 : 4.43 7423 WeD3 
Height without roof,ft.| 5.02 | 5.08 5.42 8.85*) 5.91 en 6.43 8.85*| 8.85* 
Minimum gauge, in.. .| 17.8 18.7 1) a7 29.5 23.6 29.5 23.6 29.5 29.5 


Weight in service, sin- 
gle transmission, lbs.. 5940 | 6800 9700 
Do., double transmis- 


Slotielbsi-¢.)siseceenae 8150 |}10500 | 14200 |12300 |16500 |15400 | 19800 25 300 
































* With roof. 


The first gas street. railway was put in operation in Dessau in 1894. The cars used 
were furnished with a two-cylinder opposed (Luhrig) engine which was placed under one 
of the seats lengthwise of the car so that the fly-wheel came about the middle and 
outside of the car frame.! The power originally used was 8 H.P. which was afterward 
increased to 12 H.P. This was transmitted to the driving axles at various speeds 
by means of a compound gear transmission. The gas tank was located under the 
opposite seat, while the cooling water tank was placed on the roof. The gas supply 
carried amounted to about 28 cu.ft. under a pressure of about 120 lbs., when this 
was nearly used up the cars had to stop at special compressing stations for a new 
charge. The motive power on this road was changed to electricity a few years ago. 





! Drawings and description in Z. d. V. D. I., 1895, p. 1009. 
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Operating Results. (a) The gas consumption on the Dessau Street Railway 
amounted to from 11.5 to 17.7 cu.ft. of gas per car mile, varying with the grades 
on the particular run. The average speed was 6.25 miles per hour including stops. 

(b) According to data furnished by Kemper,! the cost of building gas railways is 
about $30,000 per mile, and the total operating costs about 6.5-cents per car mile 
(assuming the price of gas at 85 cents per 1000 cu.ft.) Compared with this, the 
same authority states the cost of building an electric road to be about $36,000 per 
mile, and places the total operating costs at 7.8 cents per car mile. In spite of this 
apparently superior showing, gas railways have found very little application. The 
reasons for this probably have nothing to do with the economic side of the case, 
but are more likely found in certain external difficulties and inconveniences experienced 
in operation. The gas engine makes larger demands as far as space is concerned 
than the electric motor, and further, although it may be comparatively slow running, a 
reciprocating engine causes vibrations still distinctly felt in spite of nearly perfect 
balancing. The heat radiated by it, as well as gas and lubricating oil vapors, are 
apt to cause annoyance in the interior of the car, while the exhaust gas and oil 
thrown around may do the same thing on the outside. This was particularly noticed 
in the case of the Dessau railway by persons who had been used to electric cars. 

(c) A self-propelled car often found on small private railways is the Daimler 
gasoline passenger car. This car, being independent of any charging station, is therefore 
more simple to operate and shows better results than the car operated with gas. 
This is quite clearly shown by the following table, which is taken from a report on 
Daimler cars made by the Kirchheimer Eisenbahngesellschaft: 


TABLE 114 
GASOLINE COSTS, DAIMLER NARROW-GAUGE GASOLINE CAR 








Weight of car with 5 to 6 B.H.P. engine. . 7050 lbs. Trip out: Time 37 min. corresponds 





IWiheelabasey cereus centlemie eke asns's 4.60 ft. to a speed of approximately ..... 9.4 miles per hr. 
PCOntaIs Seats LOI ot met tit enre ma lcy oo « 10 Gasoline used: In vaporizer ........ .416 gallon 
and standing Troomiory.., 7. 200... 4»: 10 Iniiguitionlamp.....  <052°° ** 
Trial trip between Esslingen and Plochin- --= 
gen, with a load of 7 passengers and 1340 ANTE! 5 8 career .468 gallon 
Ibs. of iron, equivalent to 15 passengers. 468 
engthroh lineemegaarc tavern <aieate oss 5.62 m., Ty eaeeeoes =162 ’ 
of which 4.37 miles are level, while the remaining Bo cust pene 5.62 7 aia 
1.25 miles show grades of ;5 to zs- Return trip: Time 34 min., equivalent 
to a speed of, approximately ..... 10 miles perhr. 
Gasoline used: In vaporizer........ 350 gallon 
In ignition lamp.... .052 “‘ 
Loitalliameerete hai 402 ‘ 


402 
Hence cost per mile = 562 X20 =1.48 cents. 


(d) The computation of operating costs presented by the following table is given 
by the Gasmotorenfabrik Deutz for the type of locomotives illustrated by Figs. 
683 and 684. They are based upon the actual expenses connected with the operation 
of two mine locomotives of 6 and 8 H.P. respectively, and of two farm railway 
locomotives of 8 and 12 H.P. 








1 Journal fir Gas Beleuchtung, 1893, p. 505. Note that these and the following figures apply to 
‘German practice. 
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TaBLE 115 
OPERATING COST OF DEUTZ GAS-ENGINE LOCOMOTIVES 
= a Vereini K6nigs- | V Gesellschaf 3 
cme Grafiich v. und Laurahutte, | far Steingohlenban | Hlerzoal. Warttem: 
Forstamt. MLAS PW aresre Os: Karlsruhe, O.-S. . 
Ze. eas Pale ae eee ce sehen clots es GoEER: 8: EP: SiH.P: 12 HP. 
Ho weubedvseitencyutcet toc. cospan ues Mine Mine Farm railway [Brickyard railway 
Length of haul, miles.......... 375 .28 485 1.87 
Grade We elice see eae tee eee: Level Level 1:62.5 1:33 
Nose e Fer SERS et ed 0 Cel en Roc 250 | --, | 400 | : 225 | ‘ 150 | 
Gapaeltfton milegeet 0). 93.8 f 10 hr. shift | 445 f 9} hr. shift | jo9 i 10 hr. shift 280 f 11 hr. shift 
First cost: Type CI. Type CI. Type CII. Type CII. 
Locomotive, dollars.......... 1675 1875 2135 2490 
Charging stations, dollars..... 75 75 112.5 512 . 
1750 | 1950 2247 .5 3002 
Yearly costs: (3800 days) 
Interest, depreciation, repair, 
17 Op< dollars aepeetees 5 coe.c posse 298 331 382 510 
Bngineér, dollarsystece.. sos. s 1-2 300* 300 300 300 
Riel Sacllare set weetety ececac ores ics 135 202 190 256 
Oil and waste, dollars......... 42.5 46 45 53.5 
115.9 879 917 TORE 
Total operating costs per ton mile, 
CONUS gy ord aero ok olssiage 2000 2.62 2.817 1.33 
* Very low for American conditions. 
+ The comparatively high cost is directly due to small demand on the locomotive. 
Compared with the above table, the cost of doing the same work with horses would 
have been from 4 to 8 cents per ton mile, depending upon locality and hauling distance. 
Designs of Gasoline Locomotives: 
= Fe “ 
Sc Jade 
§ y FeV (eS at y Pie 
5 iH we: l\ \ : oe Abd 
co Si aac 
are | \ f 
Ve Al bey | 
4 Ti i | et ty | —* 
E Hl i i ahs ms iM Tol | be 
: =i as Nets fas 
deel ole Sais { pe : ee ieee 
! K ‘ Te Le GENS 
ies Ney Se, 
‘galls AI “TTS 
y esas Aso) 
Pa 
: SPEIRS SS iy FS 
NG lerecencse - ee ee ee ee" eee eee ee eee ee ee | 
Fies. 683, 684.—Gasoline Mine Seen cre Fabrik Deutz. Gauge 21.6’, Engine Capacity 
8 HP. , Speed 2.8 and 5.6 miles per hour. Corresponding Tractive Efforts 570 and 308 lbs. respectively, , 
on level track. (Engine and transmission gear are enclosed in sheet steel hood indicated by dotted line.) 
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PARA EY) 
THE GAS ENGINE FUELS AND COMBUSTION IN GAS ENGINES 


A. FUELS 


In the operation of internal-combustion engines we consider only the fuels that will 
form. ready mixtures with air and which will burn without any considerable residue. 
These requirements are most nearly met by the gas fuels, and for that reason these 
have been almost exclusively used in the operation of engines even from the first. 
stages of the development. 

Natural gas, which is obtained from wells in various localities of the world, need 
not be coasidered here.1 Most of our fuel gases are obtained either through distillation 
or through gasification of solid fuels. The fuel oils are converted into vapor or spray 
before being burned in engines. Between the original condition of the fuel and the 
state in which it is finally used there is consequently an act of traasformation which 
may be brought about in apparatus either entirely independent of the engine instal- 
lation, in apparatus clearly auxiliary to the engine, or even in the engine itself. 
Examples of these three methods of transformation are found in the manufacture 
of illuminating gas, the making of producer gas, and the production of kerosene 
vapor. If the transformation takes place outside of the engine, the process usually 
involves, through loss of fuel and heat and through operating cost, an increase in 
the specific cost of heat of the fuel consumed. Any fuel consequently possesses its 
lowest heat cost in its original shape, and other things being the same, would therefore 
give the highest economy when used directly in this condition. In the operation of 
gas engines, however, this is possible only with liquid fuels. 

The choice of solid fuels suitable for the production of power gas is, generally 
speaking, unlimited. The necessity, however, of making gas producers as simple as 
possible regarding construction and attendance, so that they may form a comparatively 
cheap auxiliary to the gas engine and may be taken care of by the same attendants, 
at once limits the choice of solid fuel for operation in the ordinary installation. 
Where these restrictions do- not exist, that is where the producer installation may 
be built without reference to the cost of construction or of maintenance, it may be 
said that to-day every solid fuel is available for power. On the other hand—and 
that is the usual case—only such solid fuels can be considered whose properties 
with regard to composition, physical size, behavior in the producer, ete., are such 
as to allow of gasification in the most economic way and with the simplest means. 
1TRANSLATOR’S Note. This gas is yet largely used in American practice, and hence some constants 


are given on page 526. 
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In this respect the fuels consisting most nearly of pure carbon, that is, anthracite 
and coke, maintain their position as the most common fuels used in producer practice. 
All of the bituminous coals, when used in producers, as yet cause serious difficulties, 
either through high percentage of ash, presence of sulphur and tar-forming hydro- 
carbons, tendency to coke or clinker, irregular size, etc. However, the building of 
serviceable producers to handle the so-called brown coals or lignites, especially in the 
shape of briquettes, has been quite successful (see p. 282). 


The following tables show the composition of a number of different fuels togethér’ 


with their heating values. The first table, No. 116, has been compiled entirely from 


























TABLE 117 
Proximate Analysis. Heating Value per lb. 
Kind of Fuel. Name or Location. 
Moisture, |Vol. Matter,) Fixed C, Ash. of of 
"0 0 % % Combustible] Dry Coal 
Pa. anthracite | Treverton............... 84 6 .67 85 .66 6.83 15195 14149 
ap Lykens Valley (buckwheat)| ..... 6 .80 80 .20 13.00 13680 11901 
a Jeritiyane(StOVe) Vo8s vase sees erate 6.08 82.90 11202 13850 12324 
oE WEACKARVATATIG <6 =) vscou a weeks ae] eater 5.00 84.00 11.00 13900 12371 
64 PAN OMG Gm At maeie acca tally wackaae 6 .00 87.78 6.19 14200 13317 
Bu Manville Shaft, Scranton...} ..... 6.12 86 .50 7.38 14100 13059 
Pa.) DILUNTNOUS| CAWUHtaey woe oe eects oeieeal| meme aene 18.54 70.16 11.30 15400 13660 
oY Beaver Creek. ........... 1.50 34.33 55 .42 Sao: 14762 13450 
re BiguMuddly: ie) i5 tess on ots eis: 83 .20 58 .20 8.60 14700 13436 
se Carme Census) ia ae snapsiierote 1545 36 .42 56 .20 5.93 14947 14047 
vc Creedmoor ssa cers soles: 1.09 38 .91 51.14 8.86 14983 13641 
se Picts bileehs. cule Ande leleiteerese|tl areas 35 .50 54.60 9.90 14200 12794 
ee Revaolcdenille ican retin aieeleke 24 .67 69 .96 DEOL 16100 15235 
s< Wourhiogheny . 2. v:15- s<- 1.40 Souls 60 .82 4.65 16031 15275 
W. Va. bit. Clowviemmriilliai seo wencrtaieteraae i ney! 31.70 56 .83 10.13 14265 12800 
ss Pocahontas ......650..%. .80 18.30 73 .65 Of 245) 15682 14536 
Ohio bitumin’s| Cambnidge.............:. 2.43 37.79 50 .36 9.42 14474 13076 
oS basteralestines..-. 6.6 sec 82 34 .98 52.65 11.89 14603 12902 
OY Hocking Valley.......... 6.65 34.14 49 54 9.67 13972 12524 
gS IMO ge tsic cle erarekers ear ei oes halts) 35 .00 50.95 10.90 14578 12416 
“i WWetbertOrGirs cers... lorsuus a3 1a Bhan’ 53 .34 7.82 14814 13637 
nds itu enmlora Zales alsin eels s 8c 8.98 34.49 50.30 6.28 14542 13546 
Rs amieaster. \o oo dena cues 28 12.66 37 .44 47 .22 2.68 14251 13813 
of New Pittsburg... 0.00.05 5.89 42 .23 40 .40 11.48 13973 12269 
Thlinorsioic wags esrb ety chefs. el= 6 ake 2.42 32.91 42.64 22.03 13157 10187 
Gh BigsiMud diy 62 cece. ae cyan ne 7.40 28 .30 53 .90 10.50 13757 12212 
a Gillespie ee eS, Btiineccla ee 12.60 30 .60 45 .30 11:50 12510 11947 
e6 NGeclcewrs Pte ep suteisiean uk 8.49 33 .53 44.12 13.76 13876 11769 
ua VEE ARO AC is fst 2 ssectaene snares 8.00 36 .40 44 .50 LA KO 13158 11570 
Of SeertiWem re. neve cae vonect b anoetakenaiees 9.00 37 .20 47 .20 6.6 13603 12616 
ee SEREaWOR TS secs eels Aei vn eee 12.10 35 .30 48 .80 3.90 13580 12993 
ge \ VL CATR See eae ore eee 10.30 27 .90 50 .00 12.80 13817 11999 
nis Wilmington (screenings)...| ..... 32.60 39 .70 20 13200 9544 
Lignite....... Briew@olorado jc aya ae: 18 .57 32.71 45.98 2.74 11360 |- 10978 
us Cafion City, Colorado. .... 6.56 36 .74 47 .93 8.76 11170 10122 
ae Marshall, Colorado........ 13.19 37 .84 46 .43 2.54 11478 11143 
Oven coke... .| Connellsville, Pa.......... 0.03 0.46 89.58 9.11 14211 12801 
He Hainan t:, Pass. qe. ciieets 0.30 0.62 85.78 11.46 14464 12534 
oe Hoey e Pas fro.6 sae A eis] ee 1.38 88 .24 9.41 14447 12947 
fe Kittanning «Pac s4 2a. aco alk aeaeeege alee Se cere 87 .22 11.43 14483 12632 
ee INemrlaiver’ We Vari oacl eae cla (nerseottnnn| Memes 92 .38 (haga 14427 13325 
es Pocahontas, W. Va....... 0.29 0.49 92.58 6..05 14400 13441 
a Birnie ham:, Ala. 5.5.2. c/| techn boomin 87 .29 10.54 | 14290 12474 
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“Professional Paper No. 48, Report on Operation of the Coal Testing Plant of the 
U. S. Geological Survey at St. Louis, 1904.” 

Table 117 contains some additional information on Pennsylvania, Ohio, Indiana, 
and Illinois coals, together with a few figures on coke, lignites, and peat. This table 
has been compiled from Poole, “ The Calorific Power of Fuels.’ The reader is referred 
to this book, which contains extensive tables of the properties of all kinds of fuel. 

In the coking process some of the carbon in the original coal is always lost, as 
a part of it is used to form the volatile gases in conjunction with hydrogen (tar 
and hydrocarbons in the illuminating gas). The distillation commences at from 900 
to. 1450° F., and is therefore probably completed before the coal has reached the 
gasification zone of the producer, at least with small sized fuel. The main constituent, 
therefore, that is concerned in the combustion part of the gasification process is the 
carbon in the resulting coke, and this is often, as for instance in the case of lignite 
and peat, but a small percentage of the original fuel. 

Consequently in such cases the yield of gas per pound of fuel is correspondingly low. 
High moisture content in the two fuels mentioned also sets a limit to their successful use 
in generators, see p. 269, and Section 5 in the Appendix. 

Where fuel must be stored in large quantities or transported over considerable, 
distances, in certain cases by the motor itself, the question of heat density, that is 
the heat units contained in unit volume of the fuel, assumes importance. 

Heat density is, roughly, inversely proportional to relative volume occupied, from 
which it follows that in this respect the liquid fuels stand first and the gas fuels 
last. It is of course possible to increase the heat density of gases by compression, 
but that by no means establishes anything like equality between them and the fuel 
oils. According to Table 118, for instance, rich oil gas would have to be compressed 
to 14250 lbs. per sq.in., and illuminating gas even to 25000 lbs. per sq.in., to make 
them volume for volume the equal of kerosene. From this it follows that where fuels 
must be stored or transported the liquid fuel is the ideal. 


TasBLEe 118 
WEIGHT, HEAT DENSITY, AND HEAT COST OF VARIOUS FUELS 



































Gas Fuels. Liquid Fuels. Solid Fuels. 

v0 3 g eg a8 

£ S FI 3 = SS g $= 3 8 

Soe eee |e OO Be aia th eee Te 

aa o = a8 iS is ic) Se a ae 2 s 

BO | = 2 | ao 5 2 homme: (am Maman es | 8 E 

i fe) AY (ea) iN S Leo) < < faa) O S 
Wt. of I cu.tt., Ibs. | .032 | .056 | .068 | .077 | 49.8 | 51 7 | 43.1 | 562.0 | 49.5 | 48.5 | 27.8 | 19.8 
Vol. of 1 lb., cudt.. .| 81.2 | 17.9 | 14.7 | 13.0 | .0201 .0194| .0232] .0193} .0202) .0230) .0360] .0507 
Heating value, 

B.T.U. per lb. . ..| 17450) 17800) 1940 1370 18900) 18000} 19700) 10000) 11700) 5400) 12600) 5000 
B.T.U. per cu.ft. ... 560 995 132 105/942000)928000) 850000) 519000) 580000|235000|}350000) 99000 
Vol. per 1000 B.T.U., 

CUE eee tts: Bas eie's 1.79 | 1.005) 7.60 | 9.54 |.00106) .00108) .00118) .00193) .00173) .00426] .00286} .0101 
Heat density (kero- 

sene=100)...... .06 al lat .014| 0.11 100 98 90 55 62 25 37 25 il 
Cost.of Lilb., cents:..| 8.12 )) 2.68 | .....| -.-. | 1-97 LH 85 | PGP Nate 0) || G22) .10 -20 .388 
Cost of 1000 B.T.U., 

Cents: aah ae SA S7AC) YS SS LINE Sere al BO sr .104| .041 | .133 .680} .0214| .0185} .0158] .0760 
B.T.U. for 1 cent...| 5600 | 6600 | .... | .... | 9600 | 24400] 7500 | 1730 | 46800) 54000] 63200; 13200 
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The above table is based on the following schedule of costs: Illuminating gas, 
$1.00 per 1000 cu.ft.; oil gas, $1.50 per 1000 cu.ft.; kerosene, 13 cents per gallon; 
alcohol, 40 cents per gallon; anthracite, $5.00 per ton; lignite, $2.00 per ton; coke, 
$4.00 per ton; wood, $3.00 per cord of 40 cu.ft. (8 ft. x4 ft.x15 in.). 


I. Fuet Gases 


For description of gas producer installations, see p. 268; for theoretical discussions 
of the gasification process, see Appendix, Section 5. 

In regard to gas producing apparatus, gas-engine builders confine their attention 
to the gasification of solid fuels; where illuminating gas is used in an engine, it is 
nearly always made in independent plants by the usual distillation process. The 
reason for this is that the various kinds of producer gas are very easily made and 
cleaned with the simplest of apparatus. The manufacture of oil gas requires apparatus 
somewhat less complicated or costly than that used for illuminating gas, but the 
former gas, as far as its specific cost of heat is concerned, can only compete with 
the latter when the raw materials from which it is made are available at very low 
prices! On this account oil gas, in spite of its great heating value and purity, 
generally finds application in engines only in places where it is used at the same 
time for some other and more important purpose. 

1. Illuminating Gas. Illuminating gas is produced by the dry distillation of 
bituminous coals in closed retorts, which are heated to bright redness. Under these 
conditions the volatile parts of the coal are driven off, while the by-products are coke, 
ammonia, and a small quantity of graphite. Each 100 lbs. of average coal will yield 
from 400 to 480 cu.ft. of cooled gas, from 50 to 70 lbs. of coke, 4.75 lbs. of tar and 
from 8 to 10 lbs. of ammonia liquor having a specific gravity varying from 1.5 to 
2.0° B. The heating of the retorts in an average plant requires from 15 to 20 lbs. 
of coke for every 100 lbs. of coal distilled. Allowing for the heating value of the 
coke so used, we find that of the original amount of heat contained in the coal, 
20% is found in the gas and from 50 to 60% is recovered in coke and tar. The 
manufacturing cost of the gas of course varies with the size, arrangement and operation 
of the plant and with the cost of coal. The sale price usually ranges from $1.00 
to $1.50 per 1000 cu.ft. 

The composition of the gas is subject to constant change, even in the same plant. 
Its main constituents are hydrogen (45-48% by vol.), methane (85-38%), carbon 
monoxide (5-8%), and several per cent. of heavy hydrocarbons, carbon dioxide, and 
nitrogen. A number of gas analyses are given in Table 119. The contents of so- 
called illuminants in the gas has considerable influence on the heating value of the 
gas, but illuminating power and heating value do not bear to each other a sufficiently 
definite ratio to enable the determination of the latter on the basis of the former, 
as used to be done. The heating value varies from 450 to 680 B.T.U. per cu.ft., 
and in some isolated instances may reach 780 B.T.U. Since the introduction of 
Welsbach mantles and similar devices and owing partly also to the increasing cost 
of coal, the average heating value of the illuminating gas has shown a considerable 
decrease in the last few years. At present the mean value is probably not far from 
560 B.T.U. per cu.ft. The best means of determining it is the calorimeter, but where 


1 This does not refer to the Lowe oil gas. 
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the composition of the gas is very definitely known, it may be found with almost 
equal accuracy by computation. 

The density of illuminating gas varies from .385 to .45, (air=1.0), the specific 
weight is on the average .032 Ib. per cu.ft. Gas holders are usually kept under a 
pressure of from 4 to 8 ins. of water. From these the gas enters the mains through 
the station pressure regulator under a pressure varying from 2 to 3 ins. of water, 
while the pressure in the most distant branch lines is in most cases only .8 to 1.2 
in. For that reason it is usual to test out illuminating gas engines in the factory 
with a maximum gas pressure not to exceed .8 in. of water. The temperature of 
the gas in the mains is nearly always several degrees lower than the temperatu.e 
of the. outside air in summer, while in winter it may under certain circumstances 
be considerably higher than the air temperature. In mains put down rather deep 
the gas temperature is never found outside of the limits of 40 to 60° F., except on 
very cold or very hot days. 




















TABLE 119 
ANALYSES OF ILLUMINATING GASES 

City. Methane. |Hydrogen. een | poe Oxygen. Bee. peas. 

: carbons, | mainder), 
CHu. H. co. CO>, O. Cp Hon: N. 
1 | Berlin (coal from Upper Silesia)...| 32.7 49.7 9.5 2.5 4.6 10) 
2 | Konigsberg (Blochmann)......... 36.5 49 .0 5.6 ileal Mien 6.8 1.0 
3 | Magdeburg (Gasjourn. 1900, 87) ...| 30.1 54.9 ott 1.4 0.2 3.3 2.4 
4 | Dresden (Schéttler).............. 33.4 48.7 8.0 1.5 1.4 3.0 4.0 
5 | Hannover (Schéttler)........... 37.5 46.3 ee 0.8 32 1.0 
6 | Frankfurt a. M. (Leybold)........ 32.6 49.8 8.8 2.3 4.0 2.5 
Vig fe Ortin (Clenks) Pera eet lec ecshi se Sea + 43.1 39.8 4.7 3.0 ip 4.7 4.7 
8 | Heidelberg (Bunsen)............ 34.0 46 .2 8.9 3.0 0.6 5.1 2.2 
Oo PAgoheni(ys lhering) .....2-.0-..- 34.2 54.0 5.2 iat ioe 3.3 2.2 
LOgbarisn(heclot)eertr.t. acs cose 33.1 50.1 6.3 1.5 0.5 5.8 2.7 
11 | London (Gaslight & Coke Co.)....| 37.6 48 ) 3.7 sss 0.3 4.4 6.0 
12 | Manchester (Clerk).............. 34.9 45.6 GGu lore’: 6.5 PAE 

BACVOTS POM Se MO halon assets 34.99 | 48.51 7.183 1.825] 0.250] 4.560] 2.700 























The heating value of No. 1 was approximately 560 B.T.U. per cu.ft.; of No. 3, 
600 B.T.U. per cu.ft., and of No. 9, 628 B.T.U. per cu.ft. 


TaBLE 120 
CONSTANTS FOR ILLUMINATING GAS 




















1 Cubic Foot of Gas Contains Air Theoretically Required. 
Composition of Illuminating Gas. Hu in B.T.U. 

Cubic Feet. Pounds. Cubic Feet. Pounds. 
ELV ONO CC MMnpy veiate svege tere aria nhs Ele .4850 .00271 144.0 1.145 .0924 
Me thatieceeeer 4 Aiton sunn echsrnn «sce CH: .3500 .01562 goore 3.285 .2651 
Carbon Monoxide. an ne hs eno COs .0700 .00546 23.9 .165 .0133 
Heavy hydrocarbons........... C,H, .0450 .00351 70.4 0.639 0516 
Carbomnidio sade. ya ce: aso a. CO;. .0200 .00245 sated ee Rams 
Oxygentrnner eis tiios +cat On. C025 .00022 es — .009 — .0007 
INTELO SOT Ti a RRR Rae -aeionsy< Ne .0275 .00215 re Nea skid 
Referred to 1 cu.ft. of gas.......... 1.0000 .03212 571.5 5.225 4217 








516 THE GAS ENGINE FUELS AND COMBUSTION IN GAS ENGINES 


Table 120 contains the main constants for illuminating gas of most interest to 
the designer, as computed from the average of the twelve analyses above given. 
Regarding the method of obtaining the figures in the various columns, Section 4, 
Appendix, and especially Tables 147 and 148 will give detailed information. 

Average Constant for Illwminating Gas: Specific weight, .032 lb. per cu.ft.; 
density, .4 (air=1.0); lower heating value, 560 B.T.U. per cu.ft., or 17500 B.T.U. 
per lb., minimum air required, 5.25 cu.ft. per cu.ft., or .4217 lb. per cu.ft., or 13.2 
Ibs. per lb. 

2. Oil Gas. Oil gas is made from cheap crude or industrial oils by vaporizing 
them in retorts at red heat and further heating the resulting oil vapor. The kind of 
oil used depends largely upon the locality where the gas is made. German oil gas 
installations for instance use almost entirely a paraffine oil which is a by-product of 
the manufacture of paraffine from bituminous coal tar; in other places suitable crude 
oils or petroleum residuum, when the latter can be had in sufficient quantity, are 
employed. 100 lbs. of gas oil will develop from 750 to 950 cu.ft. of cooled gas having 
a specific weight of from .043 to .058 lbs. per cu.ft. and a lower heating value varying 
from 900 to 1100 B.T.U. per cu.ft. The amount of coke used in heating the retorts 
for every 100 lbs. of oil gasified is from 70 to 80 lbs. The process therefore recovers 
from 30 to 40% of the heat contained in oil and coke. 

The composition of oil gas depends mainly upon the kind of oil from which it 
is made. The principal constituents are always hydrocarbons, from which the gas 
also obtains its high heating value. According to the firm of Julius Pintsch, Berlin, 
an oil gas made from residuum of petroleum gave the following volumetric: analysis: 
17% ethylene, 58% methane, and 24.38% hydrogen. Another oil gas, made from 
paraffine oil, contained 28.9 vclume per cent of ethylene, 54.9% methane, 5.6% hydrogen, 
8.9% carbon monoxide, and .9% carbon dioxide. Table 121 following is based upon 
the latter analysis, the remainder of which is not known. 


“RABE bt: 


CONSTANTS FOR OIL GAS 

















1 Cubie Foot of Gas Contains Air Theoretically Required 
Composition of Oil Gas. Ey, kas 

| Cubic Feet. Pounds. In Cubic Feet. In Pounds. 
JEO CMON sins peso go aahans ony ¢ Ini ee .056 00381 16.63 2132 .0106 
Methameny caw» atsinutincccherce te CH, : 549 .0245 522 .64 ols .4158 
IGM STO eo eee eos aoa CoH, .289 .0226 451 .99 4.110 SOO. 
Carbon monoxide... 2.) ae eee. . .089 .0069 30.43 .021 .0017 
CarboneGioxidemec cee ue tenes COM .009 .0011 foe 65 paste 
Referred to lcu.it.of gasi....... 2. 992 .0583 1021.7 9.415 .7598 




















. Average Constants for Owl Gus: Specific weight, .058 lbs. per ecu.ft.; density, .6 
(air=1.0); lower heating value 1000 B.T.U. per cu.ft. cr 17300 B.T.U. per Ib.; 
minimum air required, 9.5 cu.ft. per cuft., or .76 lb. per cu.ft., or 13,2 lbs. per lb. 





1 This type of oil gas should be distinguished from the water-oil gas made by the Lowe or similar 
processes. i 
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3. Power or Producer Gas. Producer gas burns with a blue (non-illuminating) 
flame and is a modified water gas used mainly for power or heating purposes. It is 
manufactured in generators usually forming a part of the engine installation. The 
process consists in leading a mixture of air and steam through an incandescent layer 
of coke or coal, the result being that the carbon dioxide produced by the com- 
bustion is reduced to carbon monoxide, that the steam is decomposed, forming hydrogen 
and carbon dioxide, and finally the latter gas is also largely reduced to carbon 
monoxide. The first, and for some years only successful, power gas generator was 
developed by the English engineer Dowson,! from whom this gas derived the name 
by which it is largely known even to-day. 

The most suitable fuels for generators are gas coke and coals which do not 
contain any easily condensible gases and as little as possible of any non-combustible 
ingredients. These fuels give little trouble by interfering with continuous operation 
and furnish a gas that may be easily cleaned. Coke and anthracite coal are mostly 
used, and only very recently have attempts to build generators and cleaning apparatus 
for bituminous coal met with any considerable measure of success. 

One pound of coke or anthracite will yield from 65 to 77 cu.ft. of gas having 
an average heating value of from 125 to 135 B.T.U. per cu.ft. The amount of water 
used per lb. of fuel is generally in the ratio of 1 to 1. A water supply greater than 
this is not economical, considered from the standpoint of thermal efficiency (see p. 
521). The temperature at which the gas leaves the generator first decreases and 
then increases betweea any two charging periods. The range of variation is between 
900 and 1350° F. The density of the gas varies from .85 to .95 (air=1.0), so that 
its specific weight is from .068 to .076 lb. per cu.ft.. The combustion of 1 cu.ft. 
of this gas requires theoretically from .95 to 1.1 cu.ft. of air. Being a mixture of 
air-gas and water-gas, producer gas consists mainly of carbon monoxide, hydrogen, carbon 
dioxide and nitrogen. The composition, however, depends largely upon the existing 
condition in the generator, and is therefore subject to constant and considerable 
change. Table 122, taken from the report of a test made by E. Meyer,” clearly 
shows this. 


TABLE 122 


PRODUCER GAS ANALYSES 











Time of Taking Gas Sample. Mean of 
Raa 
| ; T Eight 
9:40 | 10:55 | 11:55 | 12:56 | 2:04 | 3:15 | 4:20 | 8:10 Samples 
| 

( CO, 6.5 4.8 4.2 4.7 5.0 AOR aes 4.6 4.8 
(6H 26:0.) 282. | 2k Oo Aone 26051) 2OCOnezec4 Wags) 206) 
Composition in volume, %..... CH, 3 200 2.6 1.8 nD) ib 7 2.0 1.6 DO, 
Jal 6.8 5.9 6.4 8.8 9.1 8.0 Seto. ol 7.0 

O esl Mente) 0 mile 0 0 PP 2h 0 
CUES IN 5824 O84 59 On Oe Omom. LP 57 .dull epson) 60/9) 25876 
































Soon after each charging period the percentage cf combustible gases always 
considerably increases. In some cases the gases of distillation from the fresh fuel may 


1 See German patent, No. 27165, 1887. 
27. da. V. D.1., 1896, p. 1239 and 1304. 
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even double the normal heating value of the gas, especially if a considerable decrease in 
the volume yield of the producer is combined with the charging period. Of the total 
fuel used in pressure gas installations, from ;'5 to $ is used in separate boilers for 
the making of the necessary steam. In suction-gas plants the heat required for this 
purpose is furnished by the producer itself. Through incomplete combution, direct 
loss of gas and radiation, from 20 to 25% of the heat developed in the producer is 
lost; so that from 75 to 80, in specially favorable cases up to 83%, of the heating 
value of the fuel is recovered in the gas. Owing to stand-by losses this efficiency 
is decreased to from 60-70%. 

The mathematical determination of the amount of gas produced per pound of 
coal and the resulting efficiency of the gasification process is treated in Section 5 of 
the Appendix. Prof. E. Meyer, in the report above mentioned, used the following 
method of computation which, on account of the resulting simple equations for V 
and 7, serves to give a rapid numerical survey of the entire process. 


Assume that the chemical analysis of the gas shows the following: a vol. per cent CO,, 
b vol. per cent CO, and ¢ vol. per cent CH, It is also assumed that the gas contains no other 
hydrocarbons. 

Now two volumes of CO, were produced from two volumes of oxygen and one volume of 
carbon, the latter as a gas having a specific weight twelve times that of hydrogen, that is, 
12 .00559 =.067081 lb. per cu.ft. at 32° F. and 760 mm. barometer. Hence in 1 cu.ft. of CO, 
there must be 4 cu.ft. of carbon (considered as gas) or 4.06708 =.03354 lb. of carbon. 

The same amount of carbon is, however, also found in 1 cu.ft. of CO and in 1 cut. of 
CH,, as similar computation will show. 100 cu.ft. of gas of the composition above given there- 
fore contain .03354 (a+b-+c) pounds of carbon, or 1 pound of carbon produces 


100 2981 


Pe a eee 
4 .03354(a+b+c) a+tb+ce 


CULEt Of gas... i) 24a, ae Soe 


at 32° F. and 760 mm. barometer. 

The fuel, however, never consists of pure carbon. One pound of the former contains ¢ 
pounds of the latter, in which ¢<1>0 and is determined from a chemical analysis of the fuel. 
One pound of fuel will then produce 


_ 208146 


4 a+b+e 





Git, Of producersaacwa elms es cues mane ane Col 


irrespective of what ingredients other than the carbon combinations above specified the gas maz 
contain. If, however, the gas, besides CO,, CO, and CHy,, also contains C,H,, so that the 
analysis sbews, say d volume per cent of C,H,, the production of gas per pound of fuel then 
becomes 


_ _ 2981¢ 
Mssperisnranaiesy CULEt.s 4! erty Cele Siete el aoakeeeey ae 


since 1 cu.ft. of C,H, contains 2X .03354=.06708 lb. of C. 
Let H be the lower heating value of 1 cu.ft. of producer gas, and K the lower heating 
value of 1 lb. of the fuel. Of the latter, the part Bg lbs. is used in the generator and the part 
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A rf get! n 
Ba in the boiler, the ratio 2 being assumed as known. Further, if %% is the thermal efficiency 


g 
of the entire producer plant, then 





VB,H VH 
2h ays B <) o> jae 5 Me ceNien aT Ae cae) 
pees (1454) K 
By 


ye bd ; ‘ 
The ratio B, may for approximate computations be put equal to .1 for installations having 
g 


a separate boiler, where no separate boiler is employed, Fino, In the former case we may 
g 
then write 
2981 ¢H 
oar real a Ee A es ee) 
l.ld(at+b+co)K 





If h represents the percentage of hydrogen in the gas by volume, the heating value of 
1 cu.ft. of the gas produced may be expressed by 


Pics (S420 O26 2.07 Bel Oey. te. se eee ce ee & (5) 


The computation, however, will give more accurate results if H is determined by means of 
the Junker’s calorimeter instead of by computation based upon the chemical analysis. 
In the case under discussion (according to Table 122), we have that a+b+c=34.4, hence 


2981 _ 
aor ve 


/ 


86.7 cu.ft., 


that is, 1 Ib. of carbon gasified produces 86.7 cu.ft. of producer gas. 
Further, 6=.8772, which makes V=76.1 cu-ft., ie., 1 lb. of fuel produces 76.1 cu.ft. of gas, 
measured at 32° F. and 760 mm. It was also found that 


Ba=.109 Bz, K=13000 B.T.U. per lb. of coal; 
(H)’=134.0 B.T.U. per cu.ft., as computed from the analysis; or, 


H=135.0 B.T.U. per cu.ft., by calorimeter determinations. 


With these figures, 


76.1134 
, =.706 
("=F 70913000! 








76.1 X135 


= 712, 
and (1) = 799x13000 "1 








The formula just established for % is valid to the fullest extent only when all of the fuel 
charged is really gasified and when no fuel particles, which are not afterward recovered are 
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removed with the ash. If we let Ba represent that part of the fuel lost in the ash, the 
expression for the efficiency becomes 


eS V(By —Ba)H 


= K@)+Ba , 


The constants for producer gas in the following table have been computed on 
the basis of the average analysis from Table 122.1 


TABLE 123 
CONSTANTS FOR COKE PRODUCER GAS 























1 Cubie Foot of Gas Contains Air Theoretically Required 
Composition of Producer Gas. ; H,, in B.T.U. 
Cubic Feet. Pounds. In Cubic Feet.} In Pounds. 
Ey GTrOZeN gy ciceic set: fete eae life e .070 0004 20.8 .165 .0133 
Meta Cima 5k aa eos oo ofthe ae CH, .020 .0004 19.0 .188 .0152 
Carbon Monoxide... +. 5 acess ee CO. .276 .0215 94.2 .649 .0525 
Carbone dioxide@tes sc s1--tes era soon GO .048 .0058 aera eres 
INItro gens, hone sc ace eo ee ING 586 .0458 
Referred to) 1 ¢u-ft. of gas... .0 7s. 2 1.000 0744 134.0 1.002 -O810 

















Average Constants for Coke Producer Gas: Specific weight, .075 lb. per cu.ft.; 
density, .93 (air=1.0); lower heating value, 135 B.T.U. per cu.ft., or 1800 B.T.U. 
per lb.; minimum air required, 1 cu.ft. per cu.ft., or .081 lb. per cu.ft., or 1.10 Ibs. 
per lb. The above gas was made from coke having a heating value of 13210 B.T.U. 
and therefore contains but little hydrogen, which manifests itself in the low heating 
value and high specific weight of the gas. Producer gas from anthracite always 
contains more hydrogen, consequently shows a higher heating value and lower weight. 
The difference is clear from Table 124, which gives the constants for a producer gas 
made from a Belgian hard coal having a heating value of 14200 B.T.U.? 


TABLE 124 


CONSTANTS FOR ANTHRACITE PRODUCER GAS 























1 Cubic Foot of Gas Contains Air Theoretically Required 
Composition of Producer Gas. H,,in B.T.U. 
Cubic Feet. Pounds. |In Cubic Feet.) In Pounds. 

ET YQ POM eS ahge's: «Sissi pd hepa yctets cere cs lee 242 0014 71.8 1002 -0462 
Meine ton Wok. h ites, oes oe kate CH, .020 -0009 19.0 .188 .0152 
Carbon monoxide? - 7 yee eerie CO. .166 .0129 56.7 .390 .0314 
Carbone dioxide <..) ct aerneiaracerr CO;. oti W33 .0139 irae BA 
INTRO Mea), doen eta eenes es epee nN 459 .0359 
Referred to 1 cu.ft. of gas............... 1.000 -0650 147.5 1.150 -0928 




















1In conjunction with Tables 147 and 148, Appendix. 
2 Analysis of coal is given in Z. d. V. D. I., 1896, p. 350, of the gas in Z. d. V. D. I., 1895, p. 1540. 
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Average Constants for Anthracite Producer Gas: Specific weight, .065 lb. per 
cu.ft.; density, .8 (air=1.0); lower heating value 147 B.T.U. per cu.ft.=2260 B.T.U. 
per lb.; minimum air required, 1.15 cu.ft. per cu.ft., or .093 lb. per cu.ft., or 1.45. 
lbs. per lb. 

An ample supply of steam to the generator is of advantage from a_ practical 
standpoint, since it tends to decrease clinkering and to prevent the rapid burning. 
away of lining and grates. Too high a percentage of hydrogen ia the gas, however, 
leads to heavy explosions in the cylinder of the engine. Only a few engines can stand 
from 7 to 10% of hydrogen in the mixture, ie., from 15 to 20% in the producer gas;. 
in most of them, under continued heavy load, a troublesome knocking appears as soon 
as the gas contains more than 10% of hydrogen. The composition of the producer 
gas should therefore not be made entirely dependent upon the efficiency of the gasifi- 
cation process (see p. 536 and 597). 

4, Blast Furnace Gas. Blast furnace gas, although a gas low in heating value, 
is yet readily combustible, and, forming a by-product of blast furnace operation, is 
available nearly without cost in such quantities that one-fourth of it would be suffi- 
cient to cover the power demand of the blast furnace, leaving the cther three-fourths 
available for other purposes. The manufacturer of 1 ton of pig iron requires the use 
of roughly 1 ton of coke together with about 4 tons of air (blast). The production 
of 1 ton of pig iron is therefore accompanied by the evolution of 5 tons, that is 
140 000 cu.ft., of blast furnace gas, and a medium sized stack of say 150 tons capacity 
therefore furnishes about 21000000 cu.ft. of gas in 24 hours. Assuming that one-half 
of this volume is used in the hot blast stoves of the plant, this leaves 10 500 000 
cu.ft. available, which quantity used in gas engines is sufficient to generate at least 4000 
H.P. If used under steam boilers the same volume of gas would not produce 1500 engine 
H.P. Realizing that some blast furnace plants produce from 1100 to 1200 tons of 
pig iron every 24 hours, that is, eight times the capacity assumed, the great import- 
ance, as far as the steel works are concerned, of the direct utilization of blast furnace 
gas as fuel gas in engines becomes at once apparent. To Fr. W. Lirman belongs the 
credit of first having pointed out, in 1886, the availability of blast furnace gas for 
use ia gas engines, and to have induced gas engine builders into experimenting 
with this gas. 

Since the blast furnace is fundamentally nothing but an immense gas producer, 
it will suffice to refer to page 592 of the Appendix regarding the process of gasifi- 
cation. In this case, however, the charge not only consists of coke but in addition 
also of the burden, that is of certain quantities of iron ore and of flux, usually 
limestone. This modification makes both the carbon dioxide and the water vapor 
content of the resulting gas greater than the percentage of the corresponding constit- 
uents found in ordinary producer gas. Neglecting the large percentage of dust and 
water vapor carried, blast furnace gas contains about the same component gases as. 
producer gas, that is mainly carbon monoxide and nitrogen, and, as secondary 
_ admixtures, carbon dioxide and hydrogen. The composition of the gas, owing to its 
manufacture as a by-product, varies considerably in different blast furnaces and at 
different intervals. The combustible constituents fluctuate between 25 and 35%, and 
the heating value correspondingly varies from 80 to 112 B.T.U. per cu.ft.. The 
following table, published by Fritz Lirman,! gives some detailed information regarding 
this point. 


1 Stahl und Hisen, Heft 21, 1901. 
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TABLE 125 


ANALYSES OF BLAST-FURNACE GASES 


























ba pear bgt Be se Works in 
p. 100. q 
Composition of Blast-furnace Gas. 2 Average. 
Diy. [Gguiaiaieg] Dev. [Gguesning) Upper | Upper | auinette 
1 2 3 | 4 5 6 7 8 
Carbon monoxide....... CO 24.0 21.6 29.0 | 2621 29.7 23.0 Pi fs 25 .84 
Hydrogen... ss seers? H 2.0 is 4.0 3.6 6.3 i 3.0 2.96 
Methane: to sy -caserse: sos CH, 2.0 1.8 ee wan sce ee ce 54 
Carbon monoxide.......CO, 12.0 10.8 10.0 9.0 7.8 6.0 10.0 9.37 
Nitrogenseme = aye. N 60.0 54.0 Te UES} 56.2 59.0 54.5 56 .00 
Wateravapol-oree oo H,O Woks 10.0 10.0 1220 5.0 5.29 
| | | 

forte LOC KASD ithe See mee oe .0814 .0782 | .0795 .0767 .0799 0775 .0790 .0789 

He INE ee Glictbe <a ee aae e OD ed, 95.3 109.6 98.7 100.0 FF (eetsS 101.7 98 .5 
i 




















The greatest, at first apparently insurmountable, obstacle that stood in the way 
of the successful utilization of blast-furnace gas in the gas engine was the large 
amount of dust carried by it. In especially unfavorable cases 1 cu.ft. of gas may 
carry .6 gram of dust, besides certaining metallic vapors which assume the form of - 
dust only after combustion in the cylinder. It is comparatively easy to take out of 
the gas the coarse coke, iron oxide or lime stone dust, for which purpose even the simple 
cleaning apparatus installed in many works before the introduction of the gas engine 
is quite sufficient. These cleaners or washers are, however, not able to take care of 
the fine dust, which is of most danger to the engine, and it therefore became 
necessary first to invent and construct suitable apparatus. Although this important 
problem is as yet not completely -solved, it may be said that the present-day 
scrubbers are capable cf reducing the dust content of very dirty gas to such an extent 
that neither the reliability of operation or the durability of the blast furnace gas 
engine need any longer be seriously questioned. 

To thoroughly clean the gas of the very fine dust which remains suspended in 
the gas current for hundreds of feet, is only possible by means of some wet method, 
which accordingly is the scheme most commonly adopted. After the gas has been given 
a preliminary dry cleaning by passing it through settling-tanks, dust-catchers, ete., it is 
next led through scrubbers, wet blowers or ventilators and other types of washers 
and, emerging from these, it is led directly: to the engine or to gas holders. The 
large quantity of water vapor and the metallic vapor that the gas originally carries 
are also largely thrown down in these wet scrubbers. The water used in the latter 
varies from 2 to 10 cu.ft. per 1000 cu.ft. of gas cleaned. The quantity required is 
therefore considerable under certain circumstances, and for that reason it is in many cases 
recovered for future use by means of settling tanks or cooling ponds. Coke scrubbers 
for blast furnace gas have not been very successful. The passages between the 
layers of coke and between the individual pieces are soon partly or entirely stopped 
up by the coarse dust, and the flow of gas gradually ceases. A number of blast 
furnace gas cleaning installations in actual operation have been described in detail 
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by Liirman and others, and the figures in the following table have been abstracted 


from these descriptions. 


TABLE 126 


FIGURES RELATING TO THE OPERATION OF BLAST-FURNACE GAS-CLEANING APPARATUS 














Gu - i = eee 
1. Dust content of gas: 
(a) Ahead of the dry cleaner, in 1 cu.ft. of 
OS ORAM Sy yours Misys) ee et hac 167 .212 
After passing dry cleaner, in 1 cu.ft. of 
EAS EAE S tame eRe tts cheesey e a) sieges ) .142 
(b) Ahead of the wet scrubber, in 1 cu.ft. of i .150 
HORNS) (2g rePIOISN lo 3 colic Oot tee OCs ancien toes ellon 
After passing wet scrubbers, in 1 cu.ft. 
CL CAS MOT AMIS t ate ates ac way edie toe ane .085 -083 | .017-.045) .011 
(c) Ahead of last cleaner, in 1 cu-ft. of (|  .007 
PAS MOTAMIS pegaee cnlck wali ate: stitch t ks .013 . {| behind | .071 
After passing last cleaner, in 1 cu.ft. of | blower 
(OGL Pants. 6 oo. tea Boop ORI .007 .0006 ad tne .003 
(pA thexenpinessaaeiechie civ anaes: Sek .005 
2. Water carried by gas: 
(a) Ahead of the cleaning app., in 1 cu.ft. of 
PAS SLAMS Eien Meee eset cline Congres one 7 vol. %| 4.02 882 850 
(b) After passing cleaning app., in 1 cu.ft. of} { 1.5 772 156 056 
PAS WOTAIISI Ar es ate ree a \ vol.% 
3. Temperature of gas: 
(a) Ahead of cleaning apparatus, ° F....... 338 323 262 194-212} 102 
(b) After passing cleaning apparatus, ° F....! 105-113) 75 46-55 48-53 63 | 
| 
(OW WAG Une CN EING me Loerie cise os asta vie air-temp. | 27-53 
4, Pressure, inches of water: 
(a) Ahead of cleaning apparatus, in........ 5.92 3.56-5.92) .2-.4 mal 
(6) After passing cleaning apparatus, in.....| 3.56 ASO RT| IY 1.97 
925000 
847000 77500 88000 
5. Quantity of gas washed per hour, cu.ft. ..... forstoves| + 353000 to to 
78000 for 38800 53000 
engines 
6. Quantity of washing or cooling water, per hour, ae G2 
CURG Sea aetna celle oes ancnel a eisienn tei ttt ea ep os 1765 3530 : | .012 cu.ft. 
per cu.ft. 
7. Quantity of dust removed per hour, lbs........ 13225 18.8 
8. Consumption of scrubber water: 
(@)eberiet=thinP hour, CUtt. 21s. <a. a . 236 ne 
(0) Ber cubie footiof gas) cutt,........-..-. .067 e308 
9. Cooling or settling ponds: 
(@esupenticiditares .Sq'fbaeat. a. acieeias + oa: 465 1290000} 5380 ) { 
(ymsWepehtobiwater sla s.qayeccees-cas ni viele ect 43.4 59.0 Ceres aatt 
(c) Cost of construction, dollars........... 23400 7500 34500 2700 




















Differ- 
dingen. 


302 
151 


077 


.O11 


|Ahead of 
‘blower 
115 
After 
passing 
blower 
105 
73-82 


1.18 
3.16-3.96 


318000 


495 
78.0 


166 
.055 


12700 
cu.ft. 





It will be seen that the quantity of dust the gas may carry is extremely variable. 
It sometimes happens that the gas at the outset only contains from .007 to .014 
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gram of dust per cu.ft., in which case wet cleaning may be dispensed with altogether. 
According to the Societé Cockerill, Seraing, however, wet scrubbing is necessary in all 
cases where haematite, or mixtures of the same, are reduced in the _ blast 
furnace. 

The following table of constants for blast furnace gas is based upon the last 
column of Table 125, the analysis there given having been ase ee to some 
extent without great error. s ae 


TABLE 127 ee Road a] 


CONSTANTS FOR BLAST FURNACE GAS 























1 Cubic Foot of Gas Contains Air Theoretically Required 
Composition of Blast Furnace Gas. H,, in B.T.U. 
Cubic Feet. Pounds. | In Cubic Feet.| In Pounds. 

FLAG CON Y croton cata tas Rel ous ee eee H .030 .0002 8.9 O71 .0057 
ITS INET Ge ite cyt cares rane ce CHy| 2005 .0002 4.7 .005 .0004 
Carbonmmonoxid eyes icici ce co | .260 .0203 88.8 611 .0493 
Winter vapoPe a... occ pukka HO) 050 .0025 ANAS ee ee 
Carbonsdloxidemee tye eee ie CO; | .095 .0116 
INGbrO gem MALE na cw tis: 5 A esaga etea eee N .560 .0438 
Referred to Weu-ttqol, cast saan eee 1.000 .0786 102.4 .687 .0554 

















Average Constants for Blast Furnace Gas:  Specifie weight, .0786 lb. per cu.ft.; 
density, .98 (air=1.0); lower heating value, 101 B.T.U. per cu.ft., or 1290 B.T.U. per 
lb.; minimum air required, .7 cudt. per eudt., or .055 lb. per cu.ft., or .72 lb. per 
lb. 

5. Coke Oven Gas. Coke oven gas is another of the industrial gases, being a 
by-product of the manufacture of coke used for metallurgical purposes (dry distillation 
of bituminous coal). There is fundamentally no difference between this process and 
the manufacture of illuminating gas. Coke oven gas therefore possesses the same 
heating value and in general much the same characteristics as illuminating gas. It 
is for these reasons a good fuel for the operation of gas engines, and, after a period 
of senseless waste which lasted until a very short time ago, this gas is now used in 
many places in gas engines with great economy. As it appears at present, the coke 
oven gas engine has a successful future before it. 

According to the statements of Schmidt, in “Stahl und Eisen,” 1901, p. 259, 
1000 lbs. of bituminous coal will in coke ovens yield 3800 cu.ft. of coke oven gas, of 
which approximately one-third is first recovered as illuminating gas, while the remaining 
two-thirds are used for power and heating purposes. Table 128 is based upon the figures. 
resulting from averaging a large number of analyses of coke oven gas, which have 
appeared in ‘Stahl und Eisen”’ and in the Gas-Journal. The heating value, according to 
the figures available, varies between 645 and 338 B.T.U. per cu.ft. 

Average Constants for Coke Oven Gas: Specific weight, .027 lb. per cu-.ft., 
density, .386 (air=1.0); lower heating value 545 B.T.U. per cu.ft., or 18 700 B.T.U. 
per lb.; minimum air required, 5 cu.ft. per cu.ft., or .4 lb. per cu.ft., or 14.8 lbs. 
per lb. 
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TABLE 128 


CONSTANTS FOR COKE OVEN GAS 




















1 Cubie Foot of Gas Contains | Air Theoretically Required 
Composition of Coke Oven Gas. < Hin B.T.U, 
Cubic Feet. Pounds. In Cubic Feet.| In Pounds. 

iv dina ¢ eR cyto ewiee cea teecec ee cco peed ast .990 0031 1682.0) 1.299 .1045 
Iie Ghicin cay ie ere ee ie re. oro tesa CH, .3820 .0148 304.5 3.008 .2420 
Eipin Ven eresmeey came com ye ormh ts taurus CoH, O15 .0012 23 .4 seals .0172 
ISYeseUAS as Gees ee lg oo Re Celis O08 -0018 SRO) . 284 .0229 
Car bonmmonoxdche mange iecc ere seo as CO .070 .0055 24 .0 .165 .0133 
Wid teravaDorben. amtberanre arcu sa H,0 .010 .0005 Sie 
(Chyderayal htop alolean. ah aad n ho Oo Die CO, .012 0015 
INO cen ee arrenn ts Seon acrecaet linen te. N 015 0012 
Referred to 1 cut. of gas............... 1.000 0201 | 845.9 4.969 3999 

















6. Brown Coal or Lignite Gas. This gas is apparently cf no importance as 
far as the United States are concerned. It is one of the by-products of the manu- 
facture of tar from brown coal, the others being coke and ammonia. Its composition 
is a good deal like that of coke oven gas, but it is considerably lower in heating 
value. 1 cu.ft. of brown coal will yield about 120 cu.ft. of gas. The latter is readily 
combustible in gas engines, and has been used for this purpose for years wherever 
available. Itis not likely, however, that the gas will ever assume any great importance, 
since the manufacture of brown coal tar is a highly localized industry and not 
carried on to any extent. 

The figures in the table following are based upon data given by Dammer in his 
“Chemical Technology.” 


TABLE 129 


CONSTANTS FOR BROWN COAL OR LIGNITE GAS 






































1 Cubie Foot of Gas Contains Air Theoretically Required 
Composition of ‘Gas. Hin B.T.U. | 

Cubic Feet. Pounds. In Cubic Feet.) In Pounds. 
Hide Gemma truce eee nr rcne ls keeiiotacs ace H 243 .0014 72.0 574 0462 
i etaamerse tp entreer ts s. cult. isteGs CH, 165 0074 156.8 1.550 .1250 
Heavy hydrocanbons:. 2 .2..4..-.5 Cron 014 0011 Pin at .199 .0160 
Carbon Mono xderernwmek cisue os oenles CO -081 .0064 ah pull .190 .0153 
Fioydrogen sulphides ca. -a1-e- ees « HS O11 .0010 Saher Acs ice as 
Carona sO mdde Weriete acim oe evs eee aren CO, 7.0 .0209 fates Pane Soe 
\Oxaicomnariics tera titers es oa hace O .031 .0028 ae bans =..117 — .0093 
INGtrO Comte wan sis  Gaeyates| «Meow a ayn N 285 .0223 : ae ee 
SReterredy tow curitvol Castles cet) «cies 1.000 .0633 284 .2 2.396 .1932 

Average Constants for Brown Coal or Lignite Gas: Specific weight, .065 lb. 





‘per cu.ft.;. density, .80 (air=1.0), lower heating value 285 B.T.U. per cu-ft., or 4400 
B.T.U. per lb.; minimum air required, 2.4 cu.ft. per cu.ft., or .20. lb. per cu-ft., or 
3 lbs. per Ib. 
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7. Acetylene. Since the commercial introduction of calcium carbide, acetylene, 
a colorless hydrocarbon gas (C2H2), has occasionally been used as a gas engine fuel. It 
is made from calcium carbide to which water is added at a uniform rate in simple 
gas producers. During the process the carbide breaks up into acetylene with the 
formation of calcium hydroxide as a by-product. Under favorable conditions, 1 lb. of 
carbide will yield 4.8 cu.ft. of acetylene. The heating value of the gas is 1480 B.T.U. 
per cu.ft. and the specific weight .074 lb. per cu.ft. Its density, referred to air, is 
therefore .91. For complete combustion this gas requires theoretically 11.85 cu.ft. 
per cu.ft., or .96 lb. per cu.ft., or 13.2 lbs. per lb. In practice the excess of air 
used should be very large to prevent the extremely severe explosions occurring with 
mixtures approximating the theoretical. Explosibility does not cease even with a- 
a =40. 
gas 

A general introduction of acetylene gas as a gas engine fuel is probably out of 
question on account of the high’ cost of carbide, the fire risks involved, and the 
unpleasant odor the gas possesses. 

8. Natural Gas. This gas is obtained from wells in various parts of the United 
States. Its composition differs somewhat according to locality, and sometimes also 
changes from time to time in the same well. In nearly all cases, however, the main 
constituent is marsh gas, CHy. The following table is based upon data given by Kent 
for a natural gas from Anderson, Indiana. 





mixture in the volume ratio of 
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CONSTANTS FOR NATURAL GAS 





























1 Cubic Foot of Gas Contains Air Theoretically Required 
Composition of Gas. Hy, in B.T.U. 
Cubic Feet. Pounds. i In Cubic Feet.} In Pounds. 
EL Vor Semester eh oats et aoa ara H .0186 .0001 * 5.5 .045 0036 
Marsh\eas eae Sted cole eae pe CH, .9307 .0415 885.9 8.896 Hike 
Olefiant: gas 220.0. sce eee eee C,H, .0047 .0004 7.4 .068 .0054 
CarponsmMonoxide = See one. alee CO .0073 .0005 2.5 .016 .0013 
Carboni Gigxidetsn\. sings eee ak CO, .0026 .0003 Pees hear rae 
ORS SOM errr oeyensse ic 5 cae areiens O .0042 .0004 cee — .015 =. 0012 
INGbrO Pen sae ace VaR ees N .0304 .0024 sats ae 
ydrogen sulphides... Sag sa..4 4: HS .0015 0001 
Referred to 1 cu.ft. of gas............... 1.000 .0457 901.3 9 .000 .7208 
| 

















Average Constants for Natural Gas: Specifie weight, .046 lb. per cu.ft.; density, 
O75 (air=1.0); lower heating value, 900 B.T.U. per cu.ft., or 19600 B.T.U. per lb.; 
minimum air required, 9 cu.ft. perf cu.ft. or .72 lb. per cu.ft., or 15.5 lbs. per lb. 


II. Liquid Fuels 


i. Crude Oil and its Distillates. The fuel oils are mainly used as fuels for 
the smaller sizes of internal combustion engines. Their use for larger sizes is, among 
other things, generally prohibited by their cost. Crude oil is a native, generally liquid, 
combination of various hydrocarbons, and as such usually consists of from 80 to 86% 
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of carbon and from 15 to 10% of hydrogen, which are the main constituents. There 
is usually also a small percentage of impurities. The relative proportions of the 
various constituents vary somewhat according to the locality where the oil is found, 
and also to some extent upon the oil’s geologic age, as is indicated in Table 131.1 




















TABLE 131 
ANALYSES OF CRUDE OIL 
Seong Composition, 
o:, Heating 
39° alue 
if Carbon, Hydrogen, | Oxygen and B.T.U. 
C. H. Impurities. 

ATIETICAMyPE CHOLES UMA ee Neuere cide die we sie ave ous .820 83.4 14.7 i290) 17588 
Heavy erude;West; Vitoiniat: ..255.:.rs25.. 0. 873 83.5 13.3 3.2 18324 
Mien Cryde MWiesta VILeIMIa is clase. 2524.6 cuss elec <n 841 84.3 14.1 1.6 18401 
4 RemmMS VV emia enc yp. 5, Satake testeite cane .816 82.0 14.8 3.2 17933 
Heavy crude, Pennsylvania... ....+......0... 886 84.9 1B asf) 1.04 19210 
Wruderolle barian mere ee cee wt tse eae an a 786 84.0 13.4 1.8 18218 
“a IRechelinrommn yee teaches sits sPetec ons .912 86.9 11.8 1.3 17474 
os TEs 9 7 ead ceo Nate pe ee ng .892 85.7 1220 2.3 18036 
ae Sclrwabwellerten ts ccedccs ata bes co ice sek 861 86 .2 13.3 4: 18844 

vd FG 4s Be a Jeet ae .829 79.5 13.6 6.9 

4 ETaninOVerbursrse ata as ee iho eter .892 80.4 12:7, 6.9 

as Se 2 os cE cati tie SRL eae ae 955 86.2 11.4 2.4 oer: 

as MasterneGaliclan yea) 4% Space ciens 2 .870 82.2 DAY oat 18153 
~* NVeStermeGaiClanens citntt aie dct asin! 885 85.3 12.6 2.1 18415 
a Bele aa Verner teeta aitascin tein sits wave oh .882 87.4 12.5 il 21060 
ic ON Crude yeaa ee peeves anche al ya ease Sts ae 884 86.3 13.6 sil 20628 
Elcaruyferucle’y Doak eem meio) acess tev aks etn ees pees .938 86.6 12:.3 i 1 19440 
Crude ollemesiaitiminy > a KU e serait sie «cus sera .928 87.1 ib Bay 1,2 19260 
CriGerolle awiudee wares tetyn ey yi wu seekwenre .923 87.1 12.0 9 19496 
Le asVACLU Ge MO) on Ome mr ine e nl. Wp as cies foie .985 87.1 10.4 BS 18146 


























In its native state, crude oil is a viscous liquid, having a dark brown color. Its 
specific gravity varies from .81 to .90, and its flash-point from 75 to 95° F. It is a 
mixture of several kinds of oil of differing boiling points, which during the refining 
process are by fractional distillation separated into groups, all the constituents of 
each of which have approximately the same boiling point...After the distillates have 
been separated there remains a heavy oil, called Masut (Ostaki) or crude oil residuum, 
which has a specific gravity of from .90 to .915 and a flash-point between 175 and . 
355° F. Crude oil as well as the residuum, on account of their high viscosity and 
high vaporizing temperatures, are burned only with some difficulty in internal com- 
bustion engines. The gas engine liquid fuels therefore generally belong to the class 
of distillates. The refiners as yet have no standard nomenclature for the various 
distillation groups. According to Héffer? the one in the appended table is perhaps 
the best known. 

According to government regulations in Germany and Austria-Hungary, only 
such of the distillates as show a flash-point of at least 70° F. whea tested in the 


1 From. Veit, Das Erddl, p. 432. 
2 Hofer, Das Erdél and seine Verwendung. 
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Abel instrument and referred to 760 mm. barometer, 
can be used as kerosene oil for lighting purposes. By 


86 to .88 
.88 to .89 
895 to .90 


























flash-poimt is meant the temperature at which the : 3 
oil commences to give off inflammable vapor. If these 7 fie fs 
vapors are ignited, they will burn for short intervals es = 5 
at the surface of the oil, without igniting the body a So a g 
of oil. Only when the burning-point is reached, are ie Spee ne) 
the vapors generated at a rate fast enough to main- e: 2a me ae 
tain a flame over the surface, ie., the liquid itself a Is ue 
burns. It follows from this that the burning-point Ss - es 
is higher than the flash-point (by from 9 to 45°.): 338 
The heating value of crude oil and its distillates ra re au 
varies from 17000 to 21600 B.T.U. per lb., the ~E=Ea 
average being about 18 900 B.T.U. When the chem- 8 E & 
ical composition of an oil is definitely known, the rs, | 
heating value may be computed by the combination nm % | 2x aa = S © 
formula, p. 591, Appendix. This formula, using the ae, uy Soe 
accurate figures for the heating values of C and H, ae = ota 3 Saye ee 
may be written FS gq SSR RRRSR _ 
Be) Ov 8» ti dali ins 
H,=| 145440+51840(H-~') | B.T.U. per lb.,.. (6) Sa ee 2 1 ae 
BS aes Sor ee 
in which C and H are expressed in parts of a pound. a : a g shal S ; : : é 
Absolutely pure lighting oil is a hydrocarbon & a aK Ros 80 = P aere = 
having the formula C3Hs, a specific gravity of 8 Shh hs ee 2 Z2 ee 
7=.793. One pound of this oil therefore contains, 43 ° S| © ~ & FAS A ee 1g 
using 12 as the atomic weight for C and 1 for H, BE 3 £ % Tet es 
1213 ae S geeEEse 
xis tices et he ©, == . SHeaaas 
1X28 4 ie 
¢ & F BN RUS? 
and TDc13 Lie Ibs. H. ZS SSeaRe 
ate Banges 
From this the lower heating value is RE RO aS 
o 
u= 14 554 Xx .848 +51840 X.152=20232 B.T.U. per lb» = SRSNG 
5 ea ig So ees 
Whenever possible the heating value of such oils G aii " = i es ma 
as will readily burn in suitable burners should be EES oe ee 
determined by calorimeter. 3 Sel nee 
The amount of air theoretically required for P28 ee 
combustion is usually computed by means of the #8 san 
second combination formula, p. 588, Appendix. a 8. Hane ae Fi 
Assuming that the average composition of petroleum © ca a D8 a & 
is .85C, .14 H, and .010, this formula gives for the & 8 ey = E'S 
minimum amount of air required by 1 Ib. of oil a he a < 
& ££: @353 
7 2:867 X85 ous Sn : : ohS 
o= 
2.667 X.85+8X.14—.01 ~  S2288 
or | Lie aa =182 cu.ft. Ese bg 
pea AAORO 


FUELS 529 

Since the chemical composition of all crude oils and distillates varies only within 
very narrow limits, it may be assumed for ali of them with sufficient accuracy that 
the minimum air required for their complete combustion is 15 Ibs. per lb., or 185 cu.ft. 
per lb. 

In determining the ratio of oil to air, it should be remembered that the former 
before or during the formation of the mixture changes from the state of a liquid to that 
of a vapor, and that its volume consequently increases considerably. The volume of 
vapor resulting from a given weight of oil increases with the temperature of vaporiza- 
tion. For any one temperature the lighter the oil, that is the more volatile constit- 
uents, it contains, the greater the volume of vapor. To test the vaporizing qualities 
of an oil, fractional distillation is resorted to, during which the quantity of vapor 
evolved between certain temperature ranges is determined. Table 133 contains some 
detailed information on the vaporizing properties of certain crude oils. Accurate deter- 
minations of the volume of oil vapor per pound of oil are rare.. One of the older 
numbers of the Gas-Journal (1895, p. 22) gives the data contained in Table 134, 
which originally seems to have referred to the manufacture of oil gas. Since the 
vaporization of oil in engine cylinders can hardly be as perfect as in special gas 
retorts, the figures of Table 134 will necessarily have to be reduced somewhat to 
apply to gas-engine practice. 



























































TABLE 133 
DISTILLATION TESTS ON MINERAL OILS 
a 
3-2 Volume Per Cent Vaporized. 
> | we 
Scie) cea ee 
eg | 22 
8c ‘SS from | from | from | from 
A a Up to} 302 392 482 2 | above 
+ to to to to 
7 | °F. |302°F.|392°F.|482° F.|572°F. |608° F.|608°F. 
Se) 
Alsatian “ Brilliant”’ petroleum| .801} 296 | .8 | 30.5 /44.7 | 20.2; 3.8[....]] 
acer toils. sete 795 | 212 | .... | 29.7 82.3 | 26.3] 11.7] .... fT cecesopa ane 
Pennsylvania kerosene....... .800} 212 | 15.8 | 22.0 |19.25) 16.8 26215 : 
aa: . 
Bavarian crude oil.......... .827 Aral eze a WOR Onl tegeseletsns (lp i 8250.3. |e 
Roumanian illuminating oil. .| .815].... | 28.2) 15.2] 12.8) 24.3] 7.7] 5.4 |Hu=18320B.T.U. | & 24 
Galician solar Olle. sare. 5.0% SV soos | seo a | sen || et Wot) ARON iis emilee thks eka Oia li Madus 
Hungarian “blue’”’ oil... .... .836 20-1 | 15.0] 12.6) 12.2] 4.3] 2.4 ‘om BO 
Germann red Oll rnc irc eta .870 3.7 | 38.9 | 39.3 | 12.3 . |du=17470B.T.U. | 3 98 
German yellow paraffin oil ....| .860 rae eeaee eoDeONlaa Ouran S 5.5 9 
German solar oil ............ .825).... | 13.8] 57.4 | 25.5 | 1.0 otras ee 
German: benzol git. sins oo. .873 | Up to 212° F. 68%, from 212 to 302° F. 28.9 % a 
TABLE 134 
* QUANTITY OF VAPOR OBTAINED FROM MINERAL OILS 
aa: vas Heavy Oil, Heavy Oil, 
7 =.730. {= .807. T = .847. 7 =.884. 
Vaporizer temperature, ° F...............; 1112} 1562) 1112) 1562} 1112 | 1472 | 2012 932 | 1112/1562 
1 cu.in. of oil furnishes cubic inches of vapor ..| 451 625 | 469 | 582 | 401 | 513 | 594 | 213 | 368 | 675 
1 Ib. of oil furnishes cubic feet of vapor....... LOA AS Sie Oar LIR ON s6i) OT) TIE SH. ae Oe i doe 3 
Residue-not yaporizedy % . sss. csr eee es 11.4) 5.1/21.4| 7.5) 28.5) 12.2) 18.0} 62.38) 41.5] 9.4 
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In approximate calculations, it may be assumed, for light and medium heavy oils, 
that the volume increase on vaporization is in the ratio of 400 to 1 at vaporizer 
temperatures, while for ordinary room temperature the ratio may be taken at approxi- 
mately 200 to 1. The theoretical minimum ratio by volume of oil to air is accord- 
ingly from 1:30 to 1:25. Heavy oils require a vaporizer temperature exceeding 1470° 
F., as Table 134 shows, in order to obtain fairly complete vaporization. This explains 
in a measure the difficulties encountered in attempting to use these oils in gas 
engines. : 

2. Alcohol. Alcohol is the youngest and as yet the least important of our gas 
engine fuels. It is produced by fermentation of grape sugar, or the latter’s raw 
material, like potatoes or grain. Theoretically 100 parts by weight of grape sugar 
should yield 51 of alcohol, but the actual yield is from one-fifth to one-third less 
than this. Pure alcohol, absolutely free from water, called absolute alcohol, has a 
specific gravity of .7946, a boiling point of 172.4° F. and a molecular weight of 46. 
The chemical composition may be written CoH;+OH=C2H60. One pound of CoH,0, 
with the usual assumptions for the atomic weight of C and H, then contains. 


12 ue 1x6 16X1 


“Ge = 180 lb. H, and 4g 7 348 Ib.~Q. 





The air theoretically required will be, by means of the combination formula, 


2.667 X .522 +8 X.130—.348 


L 93 





~9 lbs. per Ib. or ~112.3 cu.ft. per lb. 


The heating value of aleohcl can not be accurately computed from its chemical 
composition, because the molecular grouping of the atoms C2H¢O is not definitely 
known. Direct measurement by calorimeter is therefore the only satisfactory way. 
According to the experiments made by Thomson, the higher heating value of alcohol 
vapor, having a density of 1.601 (air=1.0), was 13320 B.T.U. per lb. By subtracting 
from this value the heat of vaporization of the water of combustion, we find the 
lower heating value equal to 13320—1.17X1090=12045 B.T.U. per lb. Prof. E. 
Meyer gives the lower heating value as H,=11 664 B.T.U. per lb., basing his compu- 
tation upon the work of Favre & Silberman, who give the higher heating value at 
Hp=12931 B.T.U. per lb. The correction for water of combustion is taken at 
1.174 <1079=1267 B.T.U. Meyer’s figure gives as the lower heating value of 1 gallon 
of absolute alcohol 77089 B.T.U. 

Commercial alcohol always carries a certain quantity. of water, and has therefore 
a greater. specific gravity and a lower heating value than absolute alcohol. The 
degree of dilution, that is the percentage of water carried, is to-day in most cases 
found by means of a hydrometer, which determines the per cent by weight of water 
present on the basis of specific gravity, rather than the per cent by volume The 
standard temperature for weight per-cent determinations is 15° C.; for the volume- 
per cent measurement, 60° F.=158° C. If the hydrometer is used at any other 
temperature than 15° C., the reduction to the standard may be made by use of 
Table 135. 


1In the United States, the percentage of water is usually stated in volume-per cent, thus 90% alcohol - 
means that the alcohol contains 10% by volume of water. 
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The conversion from volume-per cent (tl) to weight-per cent (Gtl) may be 
made by the formula 


_ Ril X.7946 


Gtl (7) 


in which y represents the specific gravity of the sample. The heating value of an 2 
weight-per cent alcohol or a y volume-per cent alcohol may be approximately expressed 
by 


H,,=11664 x B.T.U. perlb., < .' (8) or Hi’ =77089y B.TUe per gallon. “eos 


An accurate computaticn cf the heating value of commercial alcohol is not 
possible for the reasons already stated for absolute alcohol. In this case the com- 
putation is rendered still more uncertain by the fact that commercial alcohol often 
contains denaturizing agents. The calorimeter is therefore again the only reliable 
means of determining the heating value. 

On account of the high specific cost of heat of alcohol, see Table 118, p. 513, 
the cost of operating gas engines is considerably higher with alcohol than with either 
gasoline or kerosene, other things being the same. In order to improve the heating 
value and at the same time to bring down the heat cost, alcohol is sometimes 
carbureted with from 10 to 50% of benzol, especially for operation in automobiles. 
Although ‘this undoubtedly brings down the operating cost, the use of benzol is 
accompanied by certain undesirable features.! 

Liquid benzol has a specific gravity of y=.866, a heating value of Hu=17190 
B.T.U. per lb., or H.’=123 790 B.T.U. per gallon. From this, for a mixture consisting 
of a% of alcohol and b% of benzol, the approximate heating value will be 


H,,=[(@ 11664) + (© X17190)] B.T.U. per lb., 
or H.’ =[(a X 77089) + (6 X 123 790)] B.T.U. per gallon. 


If the alcohol in the mixture is not absolute, but contains a certain per cent of 
water, the corrected heating value must be used in the above equations. 

Mixtures of alcohol and benzol have not been tried to any extent in either 
stationary engines or locomobiles. The tendency here has rather been to make the 
alcohol engine as efficient as the gasoline or the kerosene engine by the use of 
higher’ compression. The water generally carried by commercial alcohol makes it 
possible to employ much higher compression pressures than it is feasible to use with 
crude oil or its distillates, and the efficiency of the combustion is correspondingly 
increased. It is possible in this way to largely overbalance the greater heat cost cf 
alcohol by higher thermal efficiencies. 

It has been observed that the interior surfaces of aleohol engines are in some cases 
strongly attacked by rust after a short period of operation. The burned gases must 
therefore contain acid constituents. These may, during the first oxidation periods, 
consist of aldehyde or acetic acid, forming when alcohol is burned with very litile 
or no excess of air. With an ample air supply even the formation of acetic acid 


1See Authors’ Report in the “ Motorwagen,” p. 271. 
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no longer takes place, the alcohol being directly oxidized to water and carbon 
dioxide, neither of which have any harmful effect on iron. 

This serves to show that alcohol engines should be built with a view to using as 
large an excess of air as possible. 


III. Fuel Mixtures 


The gas engine fuels, in preparing them for combustion in the internal combustion 
engines, are mixed with an amount of atmospheric air which makes the oxygen 
present much in excess of what is required in theory. 

Pure dry air is a mechanical mixture containing 


76.42 weight-per cent 


23.58 weight-per cent 
78.67 volume-per cent 


21.33 volume-per cent } of oxygen and | 


of nitrogen, 


together with traces of water vapor and carbon dioxide. It therefore requires 


4.241 parts by weight of air to obtain 1 part by weight of oxygen 


and 4.688 parts by volume of air to obtain 1 part by volume of oxygen. 


The weight of air is .0806 lb. per cu.ft. under standard conditions of 32° F. 
and 29.92” Hg (=760 mm.), or .078 lb. per cu.ft. when referred to 32° F. and the 
‘standard metric atmosphere of 735.5 mm. Hg. The specific volume, that is, the 
volume of 1 lb. of air consequently is 12.41 cu.ft., or 12.82 cu.ft., depending upon 
what are considered standard conditions. Under the average conditions of humidity, 
air, on account of the water vapor carried, is always lighter than above stated. 
Thus the average weight is found to be .0802 lb. per cu.ft. at 32° F. and 760 mm. 
Hg, sand.’.0777 ib. per cuft. at 32° F. and 735.5 mm. Hg. The corresponding 
specific volumes are then increased to 12.47 and 12.87 cu.ft. per lb. respectively. 
To determine the specific volumes Vo for any other temperatures (¢) and other 
barometer readings (b), Table 136 may be used. 

The lower as well as the upper limits of the allowable ratio between air and fuel 
are given, the former pretty definitely by the theoretical amount of air required by 
the given fuel, while the latter is subject to many influences and therefore difficult 
of exact determination. There is little doubt, however, that the field lying between 
the lower and upper explosive limits, that is, the so-called “explosive range,’’ is 
considerably wider for similar air-fuel ratios in actual practice than has been found 
in laboratory tests or similar trials. The reason for this is the extension of the upper 
limit due to compressing and heating the mixture. Such tests, however, even if 
they are carried through in the usual way with volumes of mixture under ordinary 
pressures and temperatures, give a lot of information, valuable to the engine builder, 
in relation to the explosibility of the various fuel mixtures under varying degrees of 
dilution. The following has been abstracted from the more recent test reports. 

The explosion limits recorded in Table 137 were determined by Dr. Eitner in 
the laboratory of the technical high school at Karlsruhe. The figures given represent 


1 Journal fiir Gasbeleuchtung, 1902, p. 1. 
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TABLE 136 


SPECIFIC VOLUME VY, (CUBIC FEET PER POUND) OF ATMOSPHERIC AIR UNDER 
CONDITIONS OF AVERAGE HUMIDITY 
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Tnckees.j, oh idee tere ACh O6ir 3" Oe $447} 100% 15.5 pet |" 26.6") 8220 
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30.6 777.2 | 11.90 | 12.02 | 12.19 | 12.39 | 12.64 | 12.88) 13.44 | 13.39 | 13.63 | Iavee 
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26.2 665.5 | 13.90 | 14.05 | 14.25 | 14.57 | 14.76 | 15.04 | 15.34 | 15.64 | 15.93 | 16.22 
AMcenvisy G37 
EXPLOSIVE RANGES OF PURE AIR-FUEL MIXTURE 
4 7 
g d 4 é a is 
a) o i=| 3 & it o : 5 
Bel ee | els Bok SO a oaeet se He é g g g 
io) q S < = ica} < = ica} fQ Ay io) 
Upper explosive limit (1)./16.5 | 9.45)12.4 | 3.35) 7.9 | 4.1 | 3.95) 6.1] 2.75) 2.65) 2.4] 2.4 
Ratio 7, by volume. . 5.1 | 9.6 | 7.1 (28.6 | 11.7 | 23.4 | 24.3 | 15.4 | 35.4 | 36.7 | 40.7 | 40.7 
Lower explosive limit (3)|74.95:66.4 |66.75/52.3 | 19.1 | 14.6 | 13.65] 12.8| 7.7] 6.5] 4.9] 4.9 
Ratio 75 bY volume... .33/ .51/ .6| .91/ 4.24] 5.85) 6.33] 6.81] 11.99] 14.38] 19.41] 19.41 
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volume-per cent, lines 1 and 3 showing the per cent by volume of the total volume 
of the mixture represented by the fuel gas. It will be noted that the first four gases 


have by far the greatest explosive ranges, after that comes illuminating gas, whose 


: 1 HO adda i h f b : 
range 18 oaly 7795-765 ~5g.45 7 OPPT: 5 that of carbon monoxide. The narrowest 











range is shown by the hydrocarbons. The volume of air at the lower limits is 
considerably smaller than the theoretical amount required for combustion of the fuel 
concerned. The reason for this of course is that “‘ignitability’’ does not necessarily 
cease when this theoretical limit is reached. 

Several years ago a series of experiments were made at the same laboratory by 
Roszkowski under the direction of Professor Bunte to determine the effect of change 
of temperature and of contamination of mixture by carbon dioxide upon the explosion 
limits. From this extensive report! Table 138, showing the most important results 
bearing directly upon the subject under discussion, has been abstracted. The ‘carbon 
dioxide-oxygen mixtures always contained, besides the fuel gas, these two gases in 
the ratio of 79 to 21, that is, in the exact proportion that nitrogen bears to oxygen 
in ordinary air. 


TABLE 138 
EXPLOSIVE RANGES OF CONTAMINATED FUEL GAS-AIR MIXTURES 


(FicguRES SHOW THE VoLUME-PER CENT oF FuEL Gas IN MIXTURE) 






































Temp. 59° F. 212 , 392 572 
Mixture Consists of Upper } Lower | Upper | Lower | Upper | Lower | Upper | Lower 
Limit. Limit. Limit. | Limit. 

lahyobgoysts auth sol Ghlon 6 pon ameds Om creena roe 9.5 | 64.7 Grow OSa2 MG | (Peal | WO | es! 
Hydrogen and [CO,—O mixture]....... Iedy = | stent eee OOP Wastes | Gah ease | eG al 
Carbon monoxide‘and air.. %.....:.... 14.3 74.6 US Ul P WAS 80.4 | 210 57.4 
Carbon monoxide and [CO,—O mixture] .| 21.9 | 72.5 20 .2 74.8 26 .0 70.0 | 38.2 62.9 
Methamevancdealimmenarsriee we ao ori elle 6.8 13.0 5.8 12.6 5.8 12.8 | atl 13.0 
Methane and [CO,—O mixture]. ....... 9.0 11.6 8.7 1) 8.7 1224" |) 835 22 
Thuminating gas‘and air.............. OMe 22.26) Es Oi oA eT 6.5, | 26.7 ' 6.5 | 28.6 
Illuminating gas and [CO,—O mixture.]..| 8.7 | 24.2 8.0 | 26.5 Sek 2t ed) Oe 18.0)" 





Looking at the explosion limits as determined by this table a little more in detail, 
we note the following: 

(a) Hydrogen and Air Mixture. An increase of temperature has no effect upon 
the upper limit. The lower limit, cn the other hand, is extended 14.6% by heating 
from 59 to 572°. 

(b) Hydrogen and Carbon Dioxide-Oxygen Mixture. The explosive limit is narrowed 
more strongly by carbon dioxide than by the diluting medium, nitrogen, ordinarily 
used. Raising the temperature has a beneticial effect only up to 212°, beyond this 
point heating seems to narrow rather than to extend the explosive range. 





1 Journal fiir Gasbeleuchtung, 1880, p. 491. 
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(c) Carbon Monoxide and Air. The lower limit is extended 5.8% by heating to 
392°; at 572° the range has narrowed at the lower and upper limits 6.7 and 17.2% 
respectively. 

(d) Carbon Monoxide and Carbon Dioxide-Oxygen Mixiure. The explosive range 
is in this case also considerable narrower than for the carbon monoxide-air mixtures. 

The upper limit is extended 1.7% at 212°, the lower limit 2.3% at the same 
temperature, but beyond this the narrowing of the range is marked, amounting to 
4.10 and 2.5% respectively at 392°, and 16.3 and 9.6% respectively at 572°. 

(e) Methane and Air Mixture. Increase of temperature has no effect. 

(f) Methane and Carbon Dioxide-Oxygen Mixture. The addition of carbon dioxide 
has the same harmful effect as in the previous cases. Temperature rise again without. 
effect. 

(g) Illuminating Gas and Air Mixture. The temperature affects the lower limit. 
only, extending it about 2% for every i80°. 

(h) Illuminating Gas and Carbon Dioxide-Oxygen Mixture. Again the effect of 
adding carbon dioxide narrows the range both above and below. The temperature, 
raised to 572°, raises the upper limit .7% and lowers the lower limit 6.2 volume- 
per cent. 

The addition of carbon dioxide therefore has a harmful effect in all cases, and 
this conclusion naturally would hold also in case the contamination of the mixture 
is produced by the addition of burned gases remaining in the cylinder. Raising the 
temperature is of marked advantage only for hydrogen and illuminating gas mixtures, 
which advantage, however, is again lost by the addition of carbon dioxide. 

Lately Le Chatelier and Boudouard have found that very lean carbon monoxide- 
air mixtures are rendered explosive by rapid heating. While at ordinary temperature 
16% of carbon monoxide formed the upper limit, this was changed to 14.2% at 752°, 
9.3% at 912°, and 7.4% at 1112° F.! This determination is of importance in the 
utilization of producer and blast furnace gas (both of which are high in CO), especially 
since the explosibility of such carbon-monoxide mixtures is in itself raised by com- 
pression in the cylinder. 

Concerning’ the influence of higher pressure upon the explosive range we know 
next to nothing. Only this much is certain, that a variation of pressure has no 
effect upon some of the fuel mixtures. Thus, for instance, Eitner aad Bucerius could 
not find a change in the explosive limits of hydrogen-air mixtures by varying the 
pressure from 7 to 60 lbs., while lean carbon monoxide mixtures could be ignited 
with greater ease when compressed.” 

The most important combustibles in producer gas proper are carbon monoxide 
and hydrogen. Both, as far as combustion in engines are concerned, have good and 
bad points, and the aim should be to balance these as far as possible in the produce1 
gas itself, since in the gas-air mixture the undesirable properties of each combustible 
can only be slightly toned down. Concerning the general- question as to what com- 
bustible gases, and how much of each, are desirable in the mixture, Kutzbach in one 
of his lectures makes the following statements: 


“Hydrogen (H) as compared to carbon monoxide (CO) has the following characteristics: 1. 
Its ignition temperature is considerably below that of CO. 2. Its velocity of flame propagation 


1 Comptes rendus, 1896, p. 1. 
+ Journal fiir Gasbeleuchtung, 1901, p. 838. 
*7Z. d. V. D. I., 1905, p. 238. 
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is at atmospheric pressure about thirty times that of CO. 3. Its diffusion velocity is much 
greater than that of CO, so that it mixes much more rapidly with the required air. 4. It can 
stand a much greater excess of air for combustion than CO. The presence of hydrogen in the 
mixture therefore largely determines the qualities of the combustion and also the allowable, 
although local, wall temperature in the cylinder. On the other hand, small variations in the 
hydrogen content have marked influence upon the rapidity of flame or pressure propagation 
through the charge and consequently also upon engine capacity and fuel consumption. 

From the standpoint of the engine builder, therefore, the mixture should not contain tco 
much H to keep the engine from being too sensitive, nor should it contain too little, in order to help 
the somewhat sluggish combustion of CO, with its tendency to after-burning, and to accelerate the 
ignition throughout the mass. At present from 10-15% of H in the producer gas, corresponding 
to about 5% in the mixture, seems to be about the best proportion.” 


Other information bearing upon this same question may be obtained from the 
experiments made by A. Wagener upon the determination cf the ratio between air 
and blast furnace gas and upon which he reported in the lecture mentioned on p. 45: 


“Of all the fuel mixtures tried that containing gas and air in the ratio of 4 to 3 showed the 
most complete combustion. This mixture burned instantaneously with the development of a 
red-blue flame. An analysis of the burned gases showed combustible remaining to the extent of 
only .7% CO. As the proportion of gas in the mixture was increased or decreased from this 
ratio, the combustion became less and less rapid, until, at the explosion limit, it burned only 
very slowly with clear blue flame. When the ratios were gas to air=4:6 and 4:1.5, no ignition 
could be produced even when the pressure in the burette was raised by several millimeters of 
mercury. The blast-furnace gas used in these experiments had the following composition: 
1.5% H, 31% CO, and 9% CO,, the remainder being N, etc.; it was burned in open burners, that 
is, not under pressure. 

These tests also brought out the point, which, in view of Bunsen’s statements regarding 
pure carbon monoxide, can hardly seem strange, that when blast-furnace gas is to be burned in 
an open burner, such as is used in the calorimeter, the exit velocity must be kept very low. 
Experiments made later with gas from Horde on this point show that the critical velocity is 
about 2.82 ft. per sec. At this velocity the flame burns unsteadily, is lifted away here and there 
from the mouth of the burner, and now and then goes out altogether.” 


The German technical expression for mixtures consisting of a combustible gas 
with just sufficient oxygen for its combustion is ‘“ Knall-gas,” while if the mixture 
consists of the combustible gas with just sufficient air the term ‘ Luftknall-gas” is 
used. In English practice the term “true explosive mixture”? has been used indiscrimi- 
nately for either one of these combinations. The following table, due to Professor Bunte,! 
shows the volume relation between the combustible gases given and the volume of oxygen 


required for the true explosive mixture. 


Kind of Gas. Ratio Gas to Oxygen. 
Carbon monoxide, hydrogen, and water gas........ 1 to 4 
PRM RP AINC tre iste wis ERM wits eck s 3 aq SSA OM GUE la: 48 1 two 2 
UNCON Cock ie keeled iN a ANS oS sera 1 to 24 
PEL iia ioke Sie layers enotaytcestern. Wista: dsr ne ampretea Welln 's canis 1 to 3 
PNICORGIA A DOM o Marictamaticce aptamer otras mistakes 5 « 1 to 3 
RE rem a Berge rem as Uae cosa here ania, aver S rahe wee otis 1 to 6 
CTU © lear ee Meee ora Parc ants, “cl ecodeintssaleaty mensrauunians 6 1 to 74 
GAO ee (MCI GATIO) Ma rere ferery cohe cigs are erehesoy ee te, Henle 1 to 8 
AU ta wr enh UTR” DES 5 Ailevet rather Seiareivs oo, ous.) 6 pn so-oewse ads about 1 to 1.2 


1 Journal fiir Gasbeleuchtung, 1901, p. 837. 
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Multiplying the right member of each one of these ratios by 4.7, we obtain the 
theoretical volume of air for the true explosive mixture. 

Generally the excess of air in the fuel mixture should be made as large as 
possible in order to draw down combusticn temperatures, prevent pre-ignition, and 
to furnish sufficieat oxygen to the fuel should the mixture be imperfect. (Concerning 
the thermal advantages of lean mixture, see p. 13). The upper limit, that is the 
greatest degree of dilution, is of course set by the failure cf the mixture to ignite 
explosively. In actual practice mixtures are kept well below this limit in order to 
avoid combinations that are too lean and would consequently result in low engine 
capacity. The average excess of air at normal load is usually from 30 to 40%. 
For the rich fuels even more air than this is employed, the mixtures in general having 
a heating value of from 45 to 60 B.T.U. per cu.ft. (See Part II, p. 73.) The 
variation of this heating value for various excess coefficients and for the average 
composition of the gaseous or liquid fuels discussed in the previous paragraphs is 
shown in Table 139. 


TABLE 139 
J 


WEIGHT AND HEATING VALUE OF AIR-FUEL GAS MIXTURES 















































| Lower Heating} .. = 

ree Value, H,,. | Air Required 

og — for True 

AS tes re Explosive 

aS aie Reif=| Mixture. Heating Value in B.T.U. per Cubic Foot with 

ES) oe a Es) Excess of Air Amounting to 
The bracketed datain | ¢% x dics 2S EI 

the column headings | “=A aa als roe © 
refer to the liquid =a i f= o 2 Pa PED 
fuels. ao Re} a 3S ov 5 £6 

PA ae eee eee bea ce: 

Bi | B | 2a | ofthe Fuel. | 2 | 2 

SOmers flue etnn a ee eee Eq | 0 | 25% | 50% | 75% | 100% | 125% | 150% 

Eg Cee 2) Ber UB ws a 
Illuminating gas. ..| .032| .40 | 31 3| 560/17400} 5.25)13.2 | 90 74 63.3) 55 48 8 43.8) 40 
Oilvgase nase recene oy: 056] .60 | 17.9] 1010}18000} 9.50]14.0 | 96.5) 78.5) 66.5) 57.3) 50.5) 45 40.5 
Prod. gas (coke)... .|_ .075| .93 |°13.4 135} 1800) 1.00} 1.1 | 66.5) 59 52.7| 47.7, 45. | 40:5) 38.2 
Prod. gas (anthr.)..| .066} .80 | 15.1 146} 2250) 1.15) 1.45) 68 59.5] 53.3] 48.5) 45.5] 41 38 .2 
Blast-furnace gas...| .078) .98 | 12.8 101} 1320} .70) .72| 59.5} 53.8} 49.3) 45.5) 42 39.3} 37 
Coke oven gas ..... .029) .36 | 34.5 545/18000; 5.00)14.0 | 91 75 59 56 49.5) 48.3] 44 
Acetylene.........| .073) .91'| 18.7} 1460/19700|11.9 13.2 {113 92 77 .5| 66.7) 59 52 USAT 
Crude oil and resid- 

UTA etets eens (Oe aan . 138 1380000)}18000}.. . aDOr 70 56 47 .7| 41 3675]. 3225/5 2982 
iKeroseneaaeaa cme GeiZie fee . 149 126000}18800!... io. V3.0) 5925) 50\-5) 437-2) 882i sauloUme 
EGasolinemiseamec ua. NRO Gar .173|109000/18800}.. . : 13,5) 59.5) 60.5) 43.2), 38 21533 47 |oOme 
Alcohol s(alogs)i x5 es aleOrOulmen = .150) 77700)11660)... ie 75 61.2} 51.6) 45 40 Soro loe 
Alcohol (90 vol. %).| 6.90) ... .145, 69000}10000}... ae 64.5} 52.2) 44.3) 38.2) 33.6) 30.3) 27.5 
Alcohol (85 vol. %).| 7.00) ... .143) 64700} 9250)... ; 60 48.8} 41 35.4} 31.4} 28 25.8 
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B. COMBUSTION IN THE GAS ENGINE 


I. Theoretical Data 


For the introduction to Thermochemistry, see p. 580, Appendix. Upon the basis 
of the principles there discussed it becomes necessary first to determine the influence 
of combustion upoa several cf the main factors occurring in constructive and thermal 
problems relating to the gas engine. As an example we will take the average illum- 
inating gas for which the data is given in Table 119, p. 515, and for which the final 
results in Table 140, following, show an apparent molecular weight of m=11.543, a 


specific heat of cp=.695, or cy=.528, also a value‘of +=1.332 and a gas constant 
FR equal to 184.8. 


TABLE 140 


THEORETICAL THERMAL DATA RELATING TO AN AVERAGE ILLUMINATING GAS 



































Composition in From Table 143, p. 567 in Appendix. 
Volume, | Weight, Ye Ge ee Gey GK 
Per Cent. | Per eee m Cp Cy R | 
| 
Beta, 485 0845 2 3.430 2.430 1775.6 | .970 .2890 . 2050 65.53 
CH, .350 4855 16 .593 .468 97 .25 5.620 . 2880 .2270 47 .10 
CO .070 .1703 28 .245 174 bouze 1.960 .0416 .0296. 9.40 
CH, 045 .1093 28 .400 .330 DORZO 1,262 0437 .0360 6.03 
Co, .020 .0765 44 .200 .155 35.01 880 .0153 .0119 2.67 
O .0025 .0070 | 32 .217 153 49 .79 .080 0015 .0019 .O0 
N .0275 .0670 | 28 .245 .174 00.23 sgl .0164 .O117 3.70 
if 
11.543 | .6955 .6231 | 1384.78 
=m =Cp =Cy = 











The constant R may also be determined in a simpler way from 


Ro: R=m:m=/7:70=0: 00, 





in which Ro=775.6, mo=2, 7o=.00559, and do=.0693 respectively, represent the gas 
constant, the molecular weight, the weight per cubic foot, and the density (air=1.0) of 
hydrogen. From this we may write for the given illuminating gas, 


_2X775.6 _ .00559 X 775.6 _ .0693 X775 


se 11.55 0321 40 





134. 


Again, from the difference in the specific heats, 


Cp—Cy _ 


Ret A 


778 (.695 — .523) =778 X .172 ~ 134. 
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The following table shows the constants for the air-gas mixtures, the ratios being 
as indicated in the first two lines. 











Ratio a by volume, SV ae 6 8 10 12 
Bane = oye ae C5 20 25 30 
Weight per cu.ft. of mixture, lbs. y= .0732 0748 0757 .O769: 
je oo 2 = 58.59 57.40 56.66 56.16 
= a o = 2667 2595 2556 2527 
qn et is Se iot4 1858 1828 1803 
ees, = 1303 1.397 1.399 1.402 


It appears from this that, as the ratio of air to gas in the fuel mixture increases, 
there is a small decrease in the value of R, cp, and ¢,, while x slightly increases. 

The rearrangement of the gases incident to the combustion causes a change in 
the values of m, R, cp, cy and x. Table 141 shows the resulting figures, the com- 
position of the burned gases being found by means of equations (18) to (20), p. 590, 
Appendix. 


TABLE 141 


THEORETICAL THERMAL DATA RELATING TO BURNED GASES 




















a 
Volume ratio: Be ants, ofc chook ae ae eee 6 8 10 12 
Fuel gas 
[Water dioxide, CO, .530 .530 .530 .530 
en s Water vapor, H,O|] 1.275 le2to 1.275. | di2io 
Composition of burned gases volumes.... Oxyeen O 150 570 1000 1 410 
| Nitrogen, N 4,768 | 6.848 | °7'-928- | 79 i508 
Volume of burned gas, per cubic foot of fuel gas........ Vr, cu.ft.| 6.732 8.723 10.733 12.723 
ae before combustion, per cubic foot ee Vy, cu.ft.) 7.000 9.00 11.00 13.00 
RatRO AV NOR g io ar Sh Sia Rta eiaias Gila wyeieee Sole ea eae eae cee aR ee .960 .970 976 WE EOTSo 
Contraction eA Vg wots cw isi & ses hist oe ates ene ae ee IE eee eee 4 3 2.4 |) ial 
V 
Rr=k — 56.3 55.8 55.4 55.0 
g 
Cy (based on 1 cu.ft.) .0204 .0200 .0199 .0197 
oath Nee nae eo)! 0149 | 0145 | + 0144 | SOfae 
Main constants for the burned gases { coe 1 1b) “9787 “674 9603 “O566 
Cy (aE 459) .2035 .1940 . 1894 1851 
Cp Cp 
L=— = 1.370 1.380 1.385 1.387 
Cy Cy 
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The computation of the specific heats of the burned gas is made by means of 
equations (11) and (lla), p. 568. The method of doing this is shown in the following 
table for the mixture whose ratio is 1 of gas to 6 of air by volume, 

The specific heats of the typical gases are given in Table 143, p. 567, based 
upon unit volume. With the aid of these we will have for exhaust gas of composition 
shown in the first column of Table 141 of the following: 








For CO;, Cp= .530X .0245= .0130 Cy= .530X .0189= .0100 
HO, Cp=1.275X .0241 = .0307 C,=1.275X ,0185= .0236 
O, Cp= .150X .0191= .0028 Cy= .150X .0136= .0021 
N,  Cp=4.768X .0191 = .0910 Cy=4.768X .0136= .0648 
2(V)=6.732 cu.ft.. (Cp) = .1375 2(V)=6.732 cuft., (Cy) = .1005 
1375 1005 
ee 104 Cpe 
'6t73) er ega 
Cp 020 0149 
Cpa e787 2) 
Pe RD Fala pa 
.0204 .2787 
= a = 137: 
0149 2035 


The decrease of the gas constant R to the value R, is proportional to the 
contraction during combustion. The maximum difference in this case is about 4% of 
FR. The specific heat has increased slightly, while z is slightly lower thaa for the 
fuel mixtures, but the difference is negligible in view of the uacertainty existing with 
regard to the variation of specific heat with pressure and temperature. There is, 
therefore, no considerable error involved in the assumption made in some of the compu- 
tations of Part I, that the values of R, cp, cy and x are the same before and after 
combustion. 


II. Older Views Concerning Combustion in Gas Engines 


The peculiar views concerning the process of combustion in the gas engine, laid 
down by Otto in his original patents, have from the beginning led to very divergent 
opinions, which latter were on the one hand based in part upon theoretical 
considerations, aad in part also upon the results of experiments on actual engines. 
The question, at first of interest merely from a scientific standpoint, became of the 
greatest practical importance at the instant it became apparent that the validity of 
the patents which covered Otto’s claims depended entirely upon the possibility of 
carrying out the combustion process as specified. Both the students of thermo- 
dynamics and the engine builder at that time took up the study of the internal energy 
phenomena connected with combustion in the gas engine with the greatest thorough- 
ness, and although most of the data obtained related to the older models of engines, 
many points of general interest and lasting value were brought to light. 

In the following paragraphs a brief resumé of the final results of the most 
important investigations concerning this subject is given. The differences of opinion 
therein expressed deserve special attention, particularly in the cases in which they 
concern thermal phenomena obscure or incompletely investigated even to-day. 


1 Corroboration of this will be found in Zeuner, Thermodynamik, I, p. 401. 
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1. Stratification of Charge and Retarded Combustion. 


Otto, and Patent No. 532: “By first introducing air and afterward the charge, such 
stratification of the charge results that the latter near the cylinder head is composed of pure, 
readily combustible mixture, while near the piston it consists practically of burned gas. This is 
done for the purpose of retarding the combustion and to decrease maximum pressure and tem- 
perature. The ignition flame ignites only the particles of charge in its immediate proximity; 
after that the flame is propagated to the next charge particles, but its progress is the slower 
the further these combustible particles are apart, that is, the nearer the flame approaches the 
piston face. The burning particles of the charge transmit the heat evolved to the envelope of 
air surrounding them. The resulting tendency to expansion produces an increase of pressure 
which drives the piston. Since this pressure is a result of successive combustion of individual 
charge particles, it is produced gradually. Its action therefore is not similar to that of pressure 
suddenly produced by explosion of a charge and it is consequently also not accompanied by 
the unavoidable shocks and heat losses found in the ‘explosion’ engine.”’ 


Slaby thoroughly agreed with Otto’s views regarding stratification ana ‘ slow” 
combustion of charge: ! 


“T am confirmed in this opinion by two arguments, first, the nature of the explosion line 
and second, the height of maximum pressure immediately after ignition. Careful investigation of 
indicator diagrams from Otto engines has shown that the closest approximations to the expansion 
curves are on the average obtained by use of the (polytropic) exponent n=1.3. It follows 
directly from this, however, that the equation of state is such as to indicate continually a 
greater influx than efflux of heat. If, on the other hand, the wavy expansion lines of the 
diagrams obtained from Hugon and Lenoir engines are replaced by average expansion lines, close 
approximations will show for the Lenoir engines n=1.4, and for the Hugon n=1.6. Conse- 
quently no influx of heat has taken place during the working stroke, and the stock of heat 
existing in the gas at the moment of maximum pressure is only partly converted into work, 
while a second and large part is transmitted to the cooling water. In both the Lenoir and 
Hugon machines, however, we have a single explosion of the entire charge followed by expan- 
sion. The expansion lines of the Otto diagrams on the contrary under all conditions point 
strongly to an influx of heat, and to explain this fact by assuming gradual combustion of the 
peculiarly arranged charge seems to me most plausible. 

The assumption of gradual or slow combustion, however, finds further support in another 
way. The maximum explosive pressures in Lenoir and Hugon engines approximate 4 atmos- 
pheres (60 Ibs.). On the basis of the excellent investigations made by Tresca on the composition 
of the explosive mixtures used in these engines, I have computed the pressures that should 
result from complete explosion and have obtained values which differ but little from those 
actually observed. The computed pressures exceeded those actually obtained by from 1 to 14 
atmospheres. The same computation made for Otto engines shows theoretical pressures of 17 
atmospheres (240 lbs.), while actual indicator diagrams only show from 9 to 10 atmospheres. 
(135-150 Ibs.).. (Slaby in another investigation has shown that of the total heat available in the 
charge, 56% are evolved during explosion and 44% during expansion in an Otto engine, while 
the corresponding figures for the Lenoir engine are 65 and 35% respectively.) This difference 
is perhaps indubitable proof that the first ignition does not at once produce an explosion of the 
total enclosed charge.” 


To further clear this question, Professor Slaby for nearly ten years carried on a 
series of scientific tests, on an 8 H.P. Deutz engine of the older model, to determine 
the heat distribution in the cylinder. The results of this highly important investiga- 
tion were published by Slaby in his ‘ Calorimetrische Untersuchungen wtber den Kreis- 


process der Gas Maschine,”’? from which the writer abstracts the closing sentences. 


1 Verhandlungen des Ver. zur Beférderung des Gewerbefl., 1879, p. 38. 
* Leonhard Simion, Berlin, 1894. 
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of Part IX (p. 161, Period of Ignition), in order to show how far Slaby’s own 
original views were modified by his later work. 


“Based upon the results found, the actions during the ignition pee in the Otto engine: 
may be described as follows: 

1, The ignition flame which is admitted to the cylinder at the inner dead center position 
of the piston first causes the combustion of that readily ignitable part of the total charge 
located in the ignition port. Indicator diagrams taken with double springs free from friction 
‘show this action by a sudden increase of pressure, although the latter may be comparatively 
small in amount. 

2. As a result of this initial partial explosion there is formed a strong flame which, with 
piercing effect, strikes out into the combustion chamber proper and fires the rest of the charge 
with considerable lower velocity of flame propagation. 

3. The velocity of propagation of the explosively formed flame depends (a) upon the average 
gas content of the charge, increasing or decreasing with the former; (b) upon the piston speed 
of the engine, the mechanical agitation produced increasing the velocity of propagation; and (c}\ 
upon the location of the combustible parts of the charge, that is, upon the degree of uniformity 
of the charge. 

4. Combustion is complete after the piston has passed over a small part of its stroke, the 
time interval being from .03 to .06 seconds. The termination of the combustion period coincides 
with the point of maximum mean temperature in the cycle. Diagrams free from friction, and 
for which the ratio air to gas is about 6, clearly indicate the beginning of the expansion period . 
which is then completed without further influx of heat. 

5. The maximum temperatures do not exceed 2900° F., and since dissociation of the gas 
concerned does not begin to take place except at considerably higher temperatures, it may be 
held that dissociation does not occur. 

6. Even during the combustion period the flame comes in contact with the cylinder walls 
and a part of the heat that has become available is conducted away by them. But since this 
only amounts to from 8 to 10% of the total heat, we may conclude, in view of the considerable 
difference in conductivity of the metal on the one hand and of the gases of combustion on the 
other, that the contact between the two is neither thorough or very rapid. The combustion 
therefore very largely takes place in the inner core of the charge, surrounded by an envelop 
of indifferent gases, Otto’s own theory concerning the combustion process in his gas engine, in 
which he held that stratification of the charge (non-homogeneous concentric arrangement) actually 
existed, and that this was mainly the cause of the excellent economic showing of the machine, 
therefore seems entirely correct. The question whether the non-uniformity of the charge consists 
in stratification from the cylinder head toward the piston, or from the center of the charge 
toward the side walls, affects the case but little and will hardly be definitely solved. The view, 
formerly also held by the writer among others, but never to his knowledge keld by Otto himself, 
that ‘after-burning’ extended into the period of expansion must, however, be considered 
erroneous.” 


The Deutz Tests. To prove the correctness of Otto’s views, a 4 H.P. Deutz 
engine was so arranged that the mixture could not only be exploded by the usual 
ignition flame in the cylinder head, but also through a port which had its opening 
within the cylinder close to the piston in its inner dead center position. In these 
tests the usual ignition from the cylinder head always gave normal diagram with 
explosion at the dead center, while with ignition from the side the diagrams always 
showed an irregular and retarded combustion, the engine horse-power decreasing by 
one-half. If the engine was allowed to draw in first the fuel mixture and at the end 
some air, ignition from the cylinder head failed completely, while lateral ignition acted 
as before. These actions seem to justify the conclusion that the original method of 
charging proposed by Otto actually results in a charge which grows leaner toward the 
piston, 

Dewar. During the patent litigation in England concerning the 4-cycle monopoly, 
Prof. Dewar and several ocher experts tried to substantiate Otto’s views by taking 
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samples of the mixture from various parts of the cylinder and examining these with 
regard to their combustion and combustibility. The result, in general, showed that the 
mixture at the place of ignition next to the cylinder head showed on the average 10% 
of combustible gas, while near the piston an average of only 5% was found, and an 
intermediate location averaged 7%. The sample from the location first mentioned 
ignited very readily, while those from the intermediate location could be ignited only 
with difficulty, and the mixtures taken near the piston failed altogether, 

Teichman somewhat later repeated these eudiometric tests on a still larger scale. 
The samples were as before taken at the instant of maximum compression from three 
places of the combustion space and electrically ignited in a eudiometer pipette. Of 
the resulting products of combustion the water vapor will condense to water while the 
carbon dioxide, owing to contraction, occupies a smaller volume. The total contraction 
is a relative measure of the combustible gases contained in the original sample. 
Teichman, for example, finds for the mixture taken from the explosion port (rich 
mixture) a contraction of from 12-14%, for the samples taken half way (average 
mixture) from 6-8%, and for the mixture near the piston face (lean mixture), only 
from 2-3%. Other tests consisted in taking indicator cards with varying location of 
the igniter and several forms of explosion port, and, to judge from the shape of the 
card, both the effectiveness of the ignition and the behavior of the fuel mixture. The 
final results of these tests are stated by Teichman as follows: 


“J think I have proven that the various parts of a gas engine charge introduced one after 
another will not mix uniformly, but that the charge will show a composition varying with the 
locality. Although the composition is not at all definite and cannot in any given case be 
predicted with any degree of mathematical accuracy, we do know that with proper form of 
cylinder and a certain method of charging we may expect to find with certainty in any given 
locality a mixture which will meet certain stated requirements. I further find that the local 
differences in the composition of the charge are not destroyed by compression, that they have 
a marked influence upon the entire progress of the combustion, and finally that by certain 
methods of charging, certain forms of combustion chamber and of explosion ports, the com- 
bustion may not only be influenced, but to a certain extent suitably controlled.” 


2. For and Against Dissociation. 


Wedding (in a discussion following the article by Slaby, mentioned p. 542): “It is difficult 
to understand how, after the strong shaking up that the entire charge must receive from the first 
explosion, there should) still be local differences in composition sufficiently marked to cause the 
remainder of the combustion to proceed gradually, and also hard to see why the diffusion is not 
sufficiently perfect to assume the combustion complete at least after a second explosion. It 
seems to me that the law of combustion established by Bunsen, according to which only so 
much gas can burn as is required to maintain a certain temperature, at which temperature dis- 
sociation of the products of combustion sets in and further combination (combustion) cannot 
take place, offers a sufficient explanation for the facts cited by Prof. Slaby. That which Bunsen 
has proven in the case of carbon monoxide and air, certainly also applies to illuminating gas 
and air.” 

Clerk.? “The cause of the sustained pressure shown by the diagrams is not slow inflamma- 
tion (or slow combustion as it has been called), but the dissociation of the products of com- 
bustion, and their gradual combination as the temperature falls, and combination becomes possible. 
This takes place in any gas engine, whether using a dilute mixture or not, whether or not 
compression is used before explosion, and indeed it takes place to a greater extent in a strong 
explosive mixture than in a weak one.” 


Dds Vi. Dit AS8iip. ceils 
2 Proceedings Inst. Civil Engrs., 1881-82. 
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Slaby.' “It is ‘well known that all gaseous combinations break up into their constituent. parts 
at a certain temperature, and that at this temperature these constituents are not again capable 
of combination. There is no doubt that dissociation plays a certain part in the action of a gas 
engine. As a result of the explosion, a strong influx of heat raises the temperature to such a 
point that some of the parts of the gaseous charge will commence to break up; beyond this 
point combustion cannot proceed and a further increase of temperature is hence impossible. This 
process is not combined with a loss of heat, because as soon as the temperature in the engine 
falls, the dissociated particles may again unite and thus render further combustion possible. The 
result of dissociation, however, is that only part of the illuminating gas really burns at the 
moment of explosion, while a further part does not burn until after expansion has started. 
According to this, dissociation would mean that there is an influx of heat along the expansion 
line and not a withdrawal. But there are two agencies operating at the same time: the cooling 
water abstracts heat, while dissociation, or rather the disappearance of it, furnishes heat. As a 
final result, heat may either be supplied or abstracted. The nature of the expansion line will 
show whether one or the other is the case... .” 

Schottler.? “I have never been able to thoroughly believe in any considerable effect due to 
dissociation, for if combustion really ceases at a certain temperature, it must recommence when 
the temperature sinks below this level, and presupposing uniform composition of charge, the 
expansion line must therefore necessarily be an isothermal as long as combustion is not complete. 
That is, however, never the case in a gas engine. But above all, the temperatures at which, 
according to Mallard and Le Chatelier, dissociation ensues, are always much higher than the 
maximum temperatures which occur in a gas engine. The latter is probably always below 
2700° F. and in no case much higher.” 

Witz.’ “It is not necessary to fall back upon the phenomena of dissociation to explain the 
prolonged influence of the burning part of the charge upon the burned gases. As a matter of 
fact, the condition mentioned occurs under circumstances which render dissociation impossible, 
since the temperature in the cylinder does not exceed 2600° F.” 

Mallard and Le Chatelier. “The cooling curves obtained by us have enabled us to determine 
with certainty that when a quantity of carbon dioxide which was raised to combustion tem- 
perature, is allowed to cool in a closed vessel, the dissociation which occurred at the moment of 
combustion. steadily decreases until the mean temperature of the gas is 1800° C. (3270° F.). 
That at least is what occurs when the density of the carbon dioxide corresponds to that at a 
pressure of 50 cm. Hg. at 15° C. (19.7” Hg. at 59° F.). The average temperature of the gas at 
which dissociation disappears decreases with the density of the gas; it amounts to only 1600° C. 
(2920° F.) when the density corresponds to that at a pressure of 28 em. (11) Hg. at ordinary 
temperature, and is only 1160° C. (2120° F.) when the pressure is 13 cm. (5.2) Hg. We have 
also determined the effect that admixtures of other gases have upon the dissociation of carbon 
dioxide. The action of carbon monoxide, oxygen, and nitrogen is the same as if the pressure of 
the carbon dioxide had been diminished, and the mean temperature at which dissociation dis- 
appears decreases, all other conditions being the same. ‘This effect is more strongly marked with 
nitrogen than with the other gases, and is more pronounced with oxygen than with carbon 
monoxide. As far as water vapor is concerned, we have not been able to prove any considerable 
degree of dissociation. It may be possible that the latter is obscured by the rapidity of con- 
densation, in any case it must be small in amount even at 6000° F., which corresponds to the 
combustion temperature of the true oxy-hydrogen mixture in a closed vessel.” 


3. Uniform Mixture and Rapid Combustion: for and against the use of the Explosion 
Port. 


Otto, and Patent No. 2735. ‘When an easily inflammable mixture only contains just 
sufficient air for its complete combustion, the combustion in the mixture after ignition will be 
practically instantaneous. If a strongly explosive mixture of this kind is diluted by an addition 
of air, the mixture remains inflammable, but the combustion of the entire charge is no longer 
instantaneous, requiring a longer or a shorter time depending upon the amount of air added. 


1 Lecture before the General Convention of Gas-men, 1883. 
27. d. V. D. L., 1886, p. 253. 
5 Ann. de Chimie et de Physique, 1883, vol. 30. 
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The charge in a gas engine cylinder, not stratified but of more or less uniform composition, 
must therefore be considered a diluted mixture of this kind. The charge may yet be readily 
ignited, but the combustion proceeds at a slower rate than that found in a stratified charge, 
because the rapid propagation of the combustion due to the explosion of the rich mixture near 
the place of ignition no longer occurs. It is possible, however, to explode such a diluted uniform 
mixture with the required greater rapidity, when, instead of starting the combustion in a. single 
small locality, ignition is made to take place at the same time over an extended distance or 
area. [or this purpose the combustion space of the cylinder which contains the lean gas mixture is 
connected with a branch chamber (port) which contains a rich mixture. If the latter is now 
ignited, the flame produced by this explosion will shoot out of this branch chamber or port into 
the combustion chamber proper and in its path will induce ignition in the diluted charge with 
rapidity and in all directions. By varying the volume ratio of the rich mixture to the lean 
main charge it is possible to regulate the rapidity of the combustion of the entire charge, thus 
adapting the duration of the combustion to the piston speed or controlling the pressure at begin- 
ning of expansion.” 

Clerk. “It does not matter whether the mixture used is rich or weak in gas; the rich 
mixture can be fired slowly and the weak one rapidly, Just as may be required. The rate of 
ignition of the strongest possible mixture is so slow that the time of attaining complete 
inflammation depends only on the amount of mechanical disturbance permitted. 

Fig. 685, a diagram from an Otto engine, shows what happens when the ignition comes late 
and the movement of the piston overruns the rate of the speed of the flame. The normal lines 
are those in which the rise is almost straight up from the point of the beginning of the ignition; 
they are marked a and b; the line ¢, although commencing 
from the beginning of the stroke, does not record the 
maximum pressure till the piston has moved forward one- 
third of its stroke, while the line d does not depart from 
the compression line until one-third of the forward move- 
ment, and does not attain its maximum till near the end 
of the stroke. In the last case the ignition has been missed 
until the piston is in rapid motion, and consequently the 
flame is at first unable to overtake it. This slow com- 
bustion, or rather slow ignition, in the gas engine must 

Fie. 685. be avoided, and every effort should be made to complete 
the combuston as soon as possible after ignition. The 
perfection of slow combustion would be attained when the flame spread ‘ust as rapidly as 
the piston moves forward, and the pressure was never raised above that due to compression. 
The pressure diagram would then give the ideal results of ‘gradual expansion of gases’ 
and a ‘perfectly sustained pressure.’ But this is just the condition of greatest loss of 
heat: sustained pressure means sustained, indeed, increasing temperature, and the object to be 
attained in a good gas engine is to produce the most rapid possible fall of temperature due to 
work performed, to keep the mean temperature as low as possible, and it is only so far as this 
is successfully done that economy is possible. Slow inflammation causes loss of heat and power; 
rapid inflammation reduces the loss to a minimum while attaining the maximum possible power. 
The modern gas engine does not use slow inflammation (or slow combustion, if the term be 
preferred), but when working as it is intended to do, completely inflames its gaseous mixture 
under compression at the beginning of the stroke. By complete inflammation is meant complete 
spread of the flame throughout the mass—not complete burning or combustion. If by some 
fault in the engine or ignition arrangement the inflammation is a gradual one, then the maximum 
pressure is attained at the wrong end of the cylinder, and great loss of power results.” 





1 at. = 14.2 Ibs. per sq.in. 








Witz, in a series of experiments carried on in a free piston engine whose velocity 
could be changed at will, found that after-burning occurred for every composition 
of charge and manner of charging, but he also found that the more rapid the expan- 
sion of gases, 1e., the higher the piston velocity, the more rapid the combustion and 
the greater the maximum pressure! From this he reaches the following conclusion: 


1 Ann. de Chimie et de Physique, 1883. 
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“This is a law of great importance concerning the theory of gas engines. As a matter of fact, how- 
ever, the marked influence of the piston speed is secondary to the effect produced by the walls, for 
if this were not the case how could rapidity of expansion affect explosion phenomena as indicated? 
This can only be due to cooling by contact with the metallic walls, which cooling, lasting a 
shorter or longer time, abstracts heat from the charge and reduces the violence of the reaction. 
The rapidity of combustion is, however, not the only thing affected. The influence of the 
cooling action also reduces the diagram area developed, the work done is decreased, and the 
efficiency drops, as was shown above. Therefore, in order to utilize the greatest possible portion 
of the heat contained in the explosion charge, it is important to expand the burned gases in the 
shortest possible time and the superficial area of the enclosing cylinder walls should be reduced 


superficial area ai 3 
should be a minimum. ... The influence of 





as far as possible, i.e., the ratio 
volume of charge 


the cylinder walls is consequently the great regulator of combustion phenomena. It is capable of 
accelerating or retarding combustion. Any dilution of the charge naturally makes this effect 
more marked, because the mass of inert gas in which the explosive charge may be considered 
suspended acts, like the walls, as a cooling medium, but after-burning may also take place in an 
undiluted mixture. This conclusion, logically derived also from other tests, seem to us important; 
it both invalidates and supports the theory warmly advocated by Clerk. We agree with the 
eminent English engineer in that the combustion should not be purposely retarded; this retarda- 
tion is an imperfection which should not be tolerated, and Otto is in the wrong when he 
advocates it. Unfortunately, however, this retardation, this so-called after-burning cannot always 
be completely avoided, because—as held by Clerk—the combination of the dissociated compo- 
nents of the charge only permits of a gradual development of the heat generated by the 
combustion, while the writer holds that the effect of the cylinder walls can only be toned down 
but never completely eliminated.” 


Ernst Korting, in conjunction with Professor Frese, made a number of tests on 
a vertical 4-cycle engine of his own make, during which the positions of igniter and 
of inlet (explosion) port were changed alternately between the cylinder head and the 
piston. Both the indicator cards obtained and the power capacity shown were equally 
satisfactory for all of the tests, which could only have been the case with a very 
uniform mixture. In connection with these tests, Kérting says: ! 


“The best efficiency is attained when the distribution of the charge is such that the fuel is 
completely burned, and, ‘urther, such that the development of pressure is the most rapid possible. 
.. . Examining a stratified charge with reference to its combustion, we find: 

1. That there is a very rapid combustion of the localized main part of the pure charge. 
This is necessarily accompanied by the development of a very high temperature combined with 
considerable local cooling and corresponding heat losses. 

2. That, since combustion must necessarily stop in the zone of transition from one gas to 
another as soon as dilution in any one place has exceeded a certain limit, the use of a stratified 
charge must be accompanied by corresponding unavoidable losses due to incomplete combustion. 

Another factor speaking strongly against the use of stratification, is the fact that the form 
of cylinder head called for to carry out this method of charging is with respect to cooling 
very bad. 

The occurrence of after-burning, besides beng partly due to the influence of the cylinder 
walls, may in small part also be explained on the basis of an observation made by Mallard and 
Le Chatelier, according to which, under conditions of gradual progress of ignition, the chemical 
process of combustion at any given point lasts longer than if the combustion had been explosive. 
Finally, there is the possibility that imperfect mixing may lead to the formation of several single 
‘tongues’ of flame, such as are observed in the case of the combustion of illuminating gas in an 
unlimited air supply, and that this very fact causes after-burning, a thorough mixing taking 
place only during the combustion itself. In any case, no matter which of the three possibilities 


1%, d. V. D. L, 1886, p. 739, and 1887, p. 997. 
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above outlined may be the cause of after-burning, the constructive means for remedying it is the 
same, and that is, to agitate the mixture as strongly as possible before combustion. 

. Whether the changing of the inlet port, in its capacity as explosion port, also has 
any effect upon the indicator diagram, remains problematical. It is known that the normal 
velocity of flame propagation, even in the most inflammable mixture, is about 6.5  ft./sec., 
while the pressure wave proceeds at the rate of 984 ft./sec. If, now, a mixture be ignited 
at the closed end of a port or passage, the combustion at the start causes a slight increase of 
pressure which drives the mixture ahead of it out into the combustion chamber with a velocity 
which is much in excess of that with which the ignition can possibly follow. Hence, in any 
case, whether the explosion port be long or short, the flame reaches the combustion chamber 
end without ‘over pressure,’ and will spread from here through the charge as though the ignition 
had originally ensued at the mouth of the port.” 


Schottler bases his opinions on stratification of charge and retarded combustion 
upon the results of extended tests on engines of various makes and types, and does 
not deduce them entirely from his observation on the Otto engine. Besides the latter, 
he also examined Korting and Benz 2-cycle engines, both of which work with charge 
pumps and in which any considerable degree of stratification can hardly be expected. 
Professor Schéttler draws the following conclusions from his results: 


“Otto’s view regarding stratification is hardly tenable fundamentally. Taking into account 
the relative dimensions, the charge cannot very well be formed in any way except, as the piston 
moves outward, a current of air or of mixture flows into the cylinder, and this current, after 
passing the inlet port, must gradually expand, decreasing its velocity of flow. Simply considering 
that the ratio of inlet port to cylinder cross-section is as 1 to 40 in a 4 H.P. engine, one would 
be more apt to conclude that the conditions are much more favorable to thorough mixing than 
to the opposite. A stratification of charge would seem possible only when the cylinder is of 
such length that the incoming stream of charge is not able to overtake the piston. ... It has, 
however, been shown in tests on other engines that the assumption of stratification of the 
charge is not at all necessary to explain the slow drop of the expansion line, irrespective of the 
question whether such stratification occurs in the Otto engine or not. 

“To prove that stratification of charge does not exist, ignition in the Benz engine was 
produced in six different places in the cylinder. If the composition of the charge had been 
different in different places in any marked degree, this fact would have been shown by the 
diagrams. Nothing of the kind could be noticed, and the brake horse-power of the engine 
proved to be independent of the location of the igniter. In spite of the fact that not a trace 
of stratification appeared, the diagrams show the slow drop of the expansion line, indicating 
influx of heat during expansion and clearly pointing to strong after-burning. Entirely similar 
results were obtained with one of the older type of K6rting engines in which not a trace of 
stratification as defined by Otto could be observed. It was noted, however, in the latter tests 
that the ignition, when produced immediately in front of the inlet port, was much more effective 
than that produced in any other place. This observation agrees with that made in the Deutz 
tests, where it was shown that ignition from the cylinder head was much better than the ignition 
from the side and nearer the piston. ... Having now shown that after-burning is not the result 
of either dissociation or stratification of charge, the question remains as to why it occurs at all, 
or more correctly, why the expansion line falls much more rapidly in the older engines than in 
the new. This question has been answered by Witz on the basis of very careful tests. In his 
discussions upon this subject he comes to the conclusion that the shape of the expansion line is 
entirely controlled by the influence of the cylinder walls.” 


After a detailed consideration of the numerical results obtained by Witz in the 
tests above mentioned, Schottler finally concludes: 


‘that the process of combustion in itself is the same in the newer as in the older engines. 
The success of the newer machines must therefore be sought in other directions, such as the 
use of compression, ignition at the dead center, which, in combination with compression, 


COMBUSTION IN THE GAS ENGINE 549 


avoids shock, greater piston speeds, and finally the use of very lean mixtures, which has become 


possible by localizing a rich mixture in an ignition port, the action of which induces vigorous 
combustion.” 


III. Current Opinions Regarding the Process of Combustion 


The controversy concerning “stratification” and “slow combustion” has long 
since died. down. Even Otto himself, in his Patent No. 2735, had already abandoned 
a good share of his original views and long before the three first claims of his original 
Patent No. 532 were declared invalid, the charging and combustion process protected 
by these claims had become practically of no importance to the owners of the patent 
themselves. To-day the fundamental principle of gas-engine operation is to have 


Pure and uniform mixture and most rapid combustion, 


for upon this depends not only the efficiency of the entire combustion process, but 
also the specific engine capacity. Where it becomes necessary to dilute the charge 
in order to decrease the combustion temperature, or to increase the compression limit, 
atmospheric air only should be used for the purpose. Air in excess not only favors 
the combustion of the charge but also protects against over-heating those parts of the 
interior surface hard to reach by water-cooling, and finally increases the relative 
stock of heat, increasing the charge weight by keeping the temperature of the incoming 
mixture down. 
The second most important rule of design calls for 


Highest possible compression. 


This, besides increasing the explosion pressure, also raises the mean effective 
pressure. On the other hand, it draws down the terminal pressure, decreasing the 
exhaust loss, see p. 13. Further, on account of the smaller volume of the charge when 
ready for ignition, the proportional admixture of burned gases to the charge and the 
loss of heat to the cooling water will both be less. Hence the general effect of high 
compression is to improve the thermal efficiency on all sides, and none of the means 
of. improving the gas engine available to the designer has proven of greater effective- 
ness than the use of high compression. 

In striving after high thermal efficiencies, the compression pressure has been 
increased step by step from 30 to 200 and even to 300 lbs., and the latter figure 
probably comes pretty close to what is practically possible. The heat of compression, 
on other counts so desirable, becomes a most serious drawback at the moment it 
raises the temperature sufficiently to reach the ignition temperature of the charge. 
The latter differs considerably for different fuels and for different fuel-air ratios of 
the same fuel, and hence in every case there is one definite most economical and yet 
safe compression limit. In general, the greater the content of carbon, and _ especially 
of hydrogen, in gases or gas-air mixtures, the more readily will they ignite. Conse- 
quently the vapors of the liquid fuels like kerosene and gasoline occupy the most 
unfavorable position in this respect in the list of fuels, and these are followed, in the 
order of allowable compression, by oil-gas, water-gas and producer-gas. The highest 
compression pressures are reached with mixtures the main combustible of which is 
carbon monoxide. This is particularly the case with blast-furnace gas, and this fact 
has materially helped in the economic development of the blast-furnace gas-engine, in 
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which it was necessary to employ unusually high compression pressures from the 
beginning. 

Low suction temperatures and effective cooling during compression are the only 
two means available to decrease the end temperature of compression, and the effective 
utilization of these, especially the latter, form a subject upon which designers will 
expend their efforts fcr some time to come. Neglecting the Banki engine for the 
present, the cooling cf the charge has up to the present been left entirely to the 
cylinder walls and the piston face. This is probably quite satisfactory even for high 
compressions in the smaller engines in which the superficial area is sufficiently large as 
compared with the volume of the charge. As the cylinders increase in size, however, 
the conditions grow less favorable (since the volume increases as the cube and the 
superficial area only as the square of the diameter), and a further complication results 
from the fact that the thicker walls of the larger cylinders offer a greater resistance 
to conduction, thus favoring local overheating. This is the reason why the smaller 
sizes of any type of engine can use a higher compression than the larger sizes, and 
also why the best economic efficiency of the smaller engines is not equalled in the 
larger machines. Resort is then necessarily had in such cases to special methods of 
cooling, the choice being either direct injection of water or artificial means of increasing 
the heat conducting surfaces cf the combustion chamber, a scheme which was touched 
upon more in detail on p. 131. 

As a third requirement fcr a perfect process of combustion may be mentioned 


Proper form of combustion chamber and correct position of igniter. 


The constructive means which may be used to meet this requirement are illus- 
trated and discussed in Part II, pages 131 and 251, while p. 559 gives some figures 
based on tests. 

The degree of imperfection of the combustion in gas engines may be numerically 
determined by accurately finding the content of combustible gases in the exhaust 
gases. An investigation of this kind is complicated and hard to carry through because 
the apparatus generally used in ordinary technical chemistry either gives results 
altogether too approximate or fails completely.1 This is the reason why any definite 
information of general interest regarding the part that the heat loss due to incomplete 
combustion plays in the general heat balance, is only now and then obtained in tests 
very carefully prepared for the purpose. The figures available, however, admit of no 
doubt that in our preseat day engines the losses due to incomplete combustion are 
still very considerable, and certainly higher than is generally assumed. Table 142, 
compiled from tests made by Prof. E. Meyer,? may serve to prove this statement. 

The remarkable thing in this table is the increasing heat loss with decreasing 
load. This, however, was in this case shown to be due to imperfect speed regulation 
(by means of taper cam, see p. 241, Part II). In general, the results show that, 
operating with illuminating gas at normal load (about 10 B.H.P.), the heat loss due 
to incomplete combustion amounts to from 3-5%, and at half load (about 6 B.H.P.) 
it is as high as 15%. The analysis of the exhaust gases made when operating on 





1See Z.d. V. D. I., 1902, p. 948. 
* Untersuchungen am Gas-motor, Z. d. V. D. I., 1902, p. 1303; also Mitteilungen tiber Forschungsar- 
beiten, 1903. 
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producer gas shows nowhere near as con- 
sistent results on account of the very 
dissimilar compositions of the fuel mix- 
tures. At about 8 B.H.P. more than 13% 
of the heat in the fuel was shown in 
unburned particles in the exhaust gases; at 
about 7 B.H.P. one of the gas samples 
showed even 48% (supposing there is no error, 
as Meyer himself remarked). In general the 
heat losses due to this cause are greater 
when operating with producer gas than 
when working with illuminating gas. This 
is what may be expected in any case, both 
because of the varying gas-making condi- 
tions of the generator and the comparatively 
larger volume of fuel gas to be mixed 
with air each cycle. Improvement of mixing 
and ignition processes is therefore of special 
importance in the case of power-gas en- 
gines. 

Ernst Korting at one time compared 
the various events of the cycle of a gas 
engine with those of the steam engine in 
order to facilitate forming an opinion of 
the former.1 To the writer this compari- 
son is so appropriate and generally valid 
even to-day, that a few of the points 
discussed will be inserted here. 


“Bivery engineer knows that the best efficiency 
in a steam engine is attained when the steam 
is admitted suddenly under the highest. possible 
pressure, that is, when the diagram shows a 
vertical line in the dead center position of the 
piston, and when, after the required quantity of 
steam is admitted, it is suddenly cut off, so that 
any further supply of steam, ie., heat supply, 
to the cylinder is completely cut off during the 
expansion period. All throttling of the steam 
during admission and all supply after cut-off 
simply decreases the efficiency. 

Every experienced engineer knows further 
that the high initial pressures, which in the 
steam engine occur at every dead center position 
very suddenly and with greater rapidity than 
in gas engines, are not, in a good engine, 
accompanied by jar or shock. The question of 
avoiding shock can, or rather need, never be con- 
sidered as a reason for so controlling the process 
of combustion that the maximum pressure does 
not occur at the dead center position in gas 


17, d. V. D. L., 1886, p. 757. 


TABLE 142 
HEAT LOSSES THROUGH INCOMPLETE COMBUSTION 
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engines any more than in steam engines. The means employed to avoid shock under sudden 
pressure reversal in steam engines are well known, and it is sufficient to remark that exactly the 
same means are applicable to gas engines. In the latter, however, the solution of this problem 
is much simplified by the fact that the generation of pressure in the mixture is gradual and 
never very sudden. Accurate measurements on the rapidity of combustion in fuel mixtures of 
varying strengths and under varying degrees of compression are unfortunately lacking. In any 
case the velocity of flame propagation is so low that 
the diagram, Fig. 686, taken from the combustion of a 
charge that consisted of a rich mixture of illuminating gas 
and air, shows a combustion line distinctly inclined, in 
spite of the fact that the piston velocity near the dead 
center is low. The lines of this diagram clearly show the 
difference in the time interval required for the development 
of pressure,on the one hand between a_ highly explosive 
mixture, consisting only of illuminating gas and air, and, 
on the other hand, between a less inflammable. mixture 
made up of two-thirds air and illuminating gas and one-third 
burned gas. 

The application of the theory of construction of the steam engine to the gas engine 
therefore teaches us 

1. That, in order to attain the best efficiency, the pressure development should be made 
as rapid as possible, the heat should all be developed in the dead center position, and during 
expansion no further heat should be supplied. So-called after-burning of the charge should, 
according to this, be avoided, and the writer would compare its effect to that of a leaky steam 
valve. 

2. The charge should previously be highly compressed, because the useful effect of this 
increases in a greater ratio than the work required for compressing. 

3. External cooling should be avoided. 

The third rule can, unfortunately, not be fulfilled in gas engines. Instead of protecting the 
cylinders against loss of heat it becomes necessary for practical reasons to cool them and to cool 
thera so strongly that the temperature difference between ignited charge and cylinder walls is 
considerably over 1800° F. The impossibility of avoiding cooling is the main reason for the 
principal differences in the construction of gas and of steam engines. A consideration of the 
circumstances thus controlling the design of gas engines brings out the following: 

(a) While in a steam engine the highest possible steam temperature may be employed 
without unfavorably affecting the economy, a temperature increase in the gas engine is accom- 
panied by heavy efficiency losses due to cooling. It therefore becomes necessary to keep the 
initial temperature of the fuel mixture down. Opposed to this is the fact that a low temperature 
is accompanied by low absolute efficiency, and this in turn means low economy. It should 
further be pointed out that a low temperature of the ignited charge can only be obtained through 
mixing with large quantities of inert gases, and that in a charge so diluted the pressure develop- 
ment must be so slow that the fulfilment of rule 1 above is out of question. The designer is 
called upon to steer a middle course between these too conflicting conditions, he should not go 
to the limit on either side. 

(b) Since the amount of cooling is a function of time, it is one of the requirements for 
best efficiency of combustion to shorten the time during which cooling acts, ie., the rotative 
speed of the engine should be as high as possible, a condition which is entirely without influence 
upon the efficiency of steam engines.*| This requirement leads to the use of rich fuel mixtures in 
order to have the point of maximum pressure somewhere near the dead center position in spite 
of high piston speed. 

(c) Since the amount of cooling is also a function of area exposed, a further requirement 
for best efficiency is to give such shape to the cylinder that the ratio of superficial area to 
volume enclosed shall be a minimum. This is again a point which is without influence upon 
steam-engine efficiency.” 








Fic. 686. 





1In the translator’s opinion both this and the following point are intimately connected with the 
question of cylinder condensation in steam engines, and therefore have some effect upon steam-engine 
efficiencies. 
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Although the velocity of flame propagation in gas engine fuel mixtures differs 
considerably -according to composition and other properties, and although little is 
known regarding this question, the fundamental relations, pointed out by Korting 
in (b) and (c) above, that exist between inflammability of charge, size of the com- 
bustion chamber, and rotative speed of engine, may to a certain extent be fixed 
mathematically. . 

Suppose that, with a certain velocity of flame propagation v, an ignition distance 
l (equal to the greatest length of the combustion chamber), and an engine speed of 
mn revolutions per minute, the maximum combustion pressure occurs at the point a 
in Fig. 687, at which the combustion is complete. Then the time of combustion is 


ee rire a. Rea ie 


and the angle passed through by the crank in this time is 
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Fie. 687. Fig. 688. 


Assuming that the length of the connecting rod is infinite, the corresponding piston 
position will be 
#=7(1 —eos §). 


If now the rotative speed n be doubled, everything else remaining the same, the 
crank angle passed through to the point of complete combustion and the new piston position 
will be expressed by 
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The maximum explosion pressure then occurs at the point b and the ignition angle 
is hence doubled along with the rotative speed. 

Area abe expresses the work lost on account of excessive piston speed. Equation 
(2) shows two ways in which this loss may be avoided, either by increasing v or by 
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decreasing J. Compressing the charge works along both of these lines at the same 
time since it decreases the volume of the charge when ready for ignition (and 
consequently also 1) and increases the inflammability of the compressed charge, (and 
hence also v). The higher the compression of the charge, therefore, the greater may 
be the piston speed or the leaner may the fuel mixture be made. 

A further means of producing the maximum explosion pressure near the dead 
center, mostly used with the leaner gases and also in automobile engines, coasists 
in advancing the point of ignition. If any given mixture, difficult of ignition, requires 
for its complete combustion a time interval equivalent to the crank angle a, Fig. 688, 
the maximum explosion pressure will evidently occur at the point a. If, however, 
instead of causing the ignition at the dead center, the charge is fired before the end 
of the stroke, while the crank is, say, in the position @, the combustion, proceeding 
with unaffected velocity, will then be complete after the crank has passed through 
the angle ao above center and hence the point of maximum pressure has been moved 
in from a to b, nearer the dead center. Advancing the ignition has, therefore, resulted 





in a saving of work equivalent to an area equal to [abc—cde—the area above the b— 
curve], without reference to any of the indirect effects of early ignition. This gaia 
would only be wiped out when the areas of both diagrams become the same, but 
practical difficulties (shocks to the engine) put a stop to the extent to which igni- 
ticn can be advanced. In any case this discussion shows that the proper time of 
ignition depends not only upon the properties of the charge, but also upon the size 
or shape of the combustion chamber and the crank velocity. 

But it is not only the relatively low velocity of flame propagation which 
confines the allowable piston speed to within certain limits, there is also a second 
process, that of diffusion of the various gases making up the charge, which draws 
just as definite a limit. Every diffusion of one gas in another requires a certain 
length of time, and the time available for the piocess in the case of fuel mixtures 
is by no means as extended as is commonly assumed. The known diffusion coefficients 
(see p. 583, Appendix) are not of very great service in the solution of the question, 
because they throughout refer to kinds of gas as well as to pressure- and temperature- 
conditions not. found in the cylinder of gas engines. But even these laboratory 
results show that the time of diffusion is of importance also to the gas-engine 
designer, and that he should take care at least not to cut the available time down 
to less than that of one stroke (by incorrect methods of governing, for example, 
see p. 241). The later investigations of Petreano, for instance, have shown that one 
volume of methane requires about six seconds to completely diffuse in one volume of air, 
while from ten to twelve seconds are required if the same volume of methane is 
injected into five volumes of air. The theoretical volume of air required for the 
combustion of methane is, however, twice the volume of air last mentioned. It is, 
of course, true that the heating up of the charge during the suction and charging 
strokes promotes diffusion, but the advantage is again partly counterbalanced by 
the fact that the increased pressure of the compression stroke has the opposite effect.t 





1The mobility of the gas molecules varies inversely as the density 0. For two gases having the same 


molecular weight and equal internal friction 7, the velocity of diffusion is in general D=_. The same 


°| 


3 


law is expressed in a different form by the equation of Clausius for the so-called “mean travel,” D= po 
3 


in which a is the original mean distance between the molecules (that is, a function of 0) and s is the center 
distance between the two molecules at the moment of impact. 
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In any case it seems that even in slow-running engines (n=150 to 180) the time 
interval represented by two strokes is hardly sufficient, for complete diffusion, and that 
the latter extends into the expansion stroke. This fact alone would explain after- 
burning. In high speed engines this lack of uniformity in the mixing must of course 
be more marked, a condition which is proven by experience. 

Considerations of this kind seem to make it desirable not to. form the mixture 
in the working cylinder itself, but to previously mix the charge in a sufficiently large 
chamber unaffected by the movements of the piston and to draw the charge from 
this chamber as needed. This method has already been used for oil engines in several 
instances, but in gas engines it has found next to no application, probably mainly 
because of the added complication and the danger of explosion inherent in the use 
of such separate mixing chambers. That the employment of independent mixing 
chambers is of actual benefit in the process of combustion has been shown in some 
tests on a 4 H.P. Deutz engine made by Petreano with one of his mixing devices 
(see Fig. 396, p. 266).1 Diagrams taken when the apparatus was connected in all 
cases show a more nearly vertical combustion line and a greater area developed 
than those taken during ordinary operation without previous mixing of charge. 
Combustion, completed at the inner dead center when the superficial area is least, is 
accompanied by a smaller consumption of cooling water, since the heat loss to the 
latter during expansion is less than it was before. To prove this Petreano also 
conducted tests without changing the cooling water in the jackets, that is, cooling 
by vaporization. After working for ten hours with 90% alcchol, the test being 
interrupted three times and distributed over three days, the amount of water that 
had to be replaced was .312 gallon, after operating with gasoline four hours without 
interruption, the quantity amounted to .65 gallon, while after 2% hours operation with 
70% alcohol the temperature of the water had not gone beyond 176° F. The diagrams 
were from beginning to end uniformly good, but nothing is stated regarding 
horse-power, etc. 

Forming the mixture cutside of the cylinder in a special chamber is therefore a 
method which should receive some attention in practice, especially if, as seems probable, 
the rotative speeds of gas engines should continue to increase as they have done. 

If it is not practicable to assist diffusion by extending the time allowed, it only 
remains to accelerate it by artificial means, that is, besides using a liberal excess 
of air, to employ some mechanical method of producing the same result. Excess air 
can only be used within narrow limits, the last scheme on the other hand deserves 
the special attention of the designer. The means at present adopted to mechanically 
aid in the diffusion of the gases making up a charge usually depend upon the principle 
of increasing the diffusion areas by minute subdivision of both kinds of gas. This 
method has been considered in greater detail in connection with the mechanical 
details used to carry it out, p. 195. Another scheme serving the same end, that 
of “agitating” the mixture by means of changing direction and _ cross-section of 
ports, stirring up the charge by sending a vigorous current of air or gas into the 
combustion chamber, etc., deserves to be much more widely tried than is at present 
the case. 

In the Diesel constant-pressure engine, the fuel mixture is mechanically agitated 
even during ignition and combustion by forcing a fine stream of air, under a pressure 
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of from 90 to 150 lbs. higher than that existing in the cylinder, into the charge 
and promoting the general distribution of this secondary air supply by appropriate 
form of injection nozzle, etc. In the explosion engine, in which the charge should be 
uniformly diffused at the moment cf ignition, the mixture is artificially agitated to 
any extent only during the suction stroke, during the compression stroke the agitation 
amounts only to that incident to the operation. An exception to this rule is found 
in the case of certain 2-cycle engines in which the gas is forced into the cylinder 
while the air is being compressed. The fact that, on account of the short period 
available for the formation of the mixture in these engines, their charges do not 
show less, but rather better, uniformity than those of the older 4-cycle engines, 
points clearly to the beneficial action of agitation upon the constituents of the 
mixture. 

Korting clearly proved this in some tests made on one of his 4 H.P. vertical 
gas engines, taking indicator cards at widely varying engine speeds and determining 
from the course of the combustion line the time of explosion or the inflammability 
of the charge.1 The ordinary indicator diagram does not admit of such determinations, 
because the events discussed occur at the moment of minimum speed cf indicator 
drum. Ko6rting therefore modified the drum by moving a strip of paper under the pencil 
at constant speed (in this case about 24.5 ins. per sec.) and thus obtained pressure-time 
diagrams, the curve showing the pressure changes as a direct function on time. 
Two of Kérting’s diagrams, reduced to three-fourths original size, are shown in Figs. 
689 and 690, the former for the highest speed, n=155, and the latter for the lowest, 
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n=62. These diagrams show that as far as this engine is concerned (inlet port 
located directly under the cylinder head) the absolute duration cf combustion decreases 
as the engine speed increases. Thus for n=62, Fig. 690, the time of explosion was 
045 sec., while for n=155, Fig. 689, this time had decreased to .02 sec. The time 
of combustion therefore varies in nearly the inverse ratio with the r.p.m. or piston 
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speed, in fact it decreases at a little greater rate than the latter increases. Korting 
seeks the reason for this fact in the greater degree of mechanical agitation that the 
mixture receives at higher engine speed. The entering velocity of the charge for 
n=62 was about 62 ft./sec., while for n=155 it was about 156 ft./sec. This 
increased velocity probably not only iacreased relative velocities of the gas particles 





17, d. V. D. 1., 1888, p. 261. 
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among themselves in the inlet passage, but in the cylinder as well; and thus promoted 
diffusion and improved the uniformity of the charge. 

It is quite possible, however, that the result shown may be partly due to the 
influence of other circumstances. For instance, higher piston speed is usually accom- 
panied by higher exhaust temperature and hotter cylinder walls, and this may serve 
to pre-heat the charge and render it more inflammable. The weight of the burned 
gases remaining in the clearance decreases with the higher temperature, and since 
Korting kept the weight of the fresh charge the same at all speeds, it follows directly 
that the charge grew richer with every increase in the speed of engine. This in 
itself increases the inflammability of the mixture. It should be noted that in these 
tests, the speed variations were not obtained by exceeding the normal speed for 
which the engine was designed, but by starting it a speed below normal, and hence 
the volumetric efficiency of the suction stroke was nearly the same on all tests. 
The case is entirely different when with the increase of speed the normal speed of 
the engine is exceeded. In such cases the suction as well as the exhaust resistance 
losses increase, less fuel charge is drawn in, and more of the burned gases remain 
in the clearance space. This in turn decreases the charge weight and affects the 
purity of the mixture. Under such circumstances, instead of obtaining, as Kécting 
did, decrease in the time interval required for combustion, we shall, of course, find 
considerable retardation. 

A close examination of the pressure-time diagrams reveals the fact that they 
apparently controvert Korting’s views regarding the “explosion port,” see p. 547, 
while they confirm those of Otto. The full size diagram Fig. 691 (n=62) shows 
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near the beginning of the explosion line that the original curve ab has a temporary 
break at the point c; after this the line shows the full rise to d. This indicates that 
the main explosion was preceded by a partial explosion, and the events were probably 
as follows: a to b, explosion in the explosion port, b to c, piercing of the main 
charge by the resulting needle flame. It takes a certain time for the flame to spread 
and for the effect to become apparent, hence the only slight increase of pressure from 
b to c. After the main charge is ignited at c the pressure rises very rapidly. This 
break in the line occurred, in all of the eight diagrams given by Korting, although 
the indication is not as strong at the higher speed, presumably because the flame 
spreads more rapidly under the changed conditions. 

Very little reliable data is available regarding the velocity of flame propagation in 
gas-engine fuel mixtures. Many attendant circumstances, such as nature of the fuel, 
purity, composition, temperature and pressure of charge, shape and size of combustion 
chamber, kind and location of igniter, etc., have a marked effect upon combustion 
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phenomena, and render the experimental results that have been obtained on this point 
so uncertain that they are of little value to the designer. In order to obtain values 
at all practical, some experimenters have used apparatus which reproduced move nearly 
the conditions existing in practice, and especially in place of the usual glass-tube 
models used in laboratories, have employed as combustion chambers metallic vessels 
approaching much more nearly to real working cylinders. In this way at least a 
few reliable comparative figures have been obtained. 

Clerk carried on tests of this nature very soon after the appearance of the new 
Otto engine.1 He used for this purpose a cylinder, without piston, 7 ins. in diameter 
and 84+ ins. long. An igniter was screwed through the bottom cover, while connection 
with an indicator was made through the top cover. The charge fired consisted of 
pure fuel-air mixtures, and the pressure increase was recorded on the drum of the 
indicator which was revolved at constant speed. The curves thus obtained were hence 
similar to Kérting’s pressure-time curves and allow of the interpretation of the various 
events on the basis of time. The bundle of diagrams shown in Fig. 692 for instance 
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was obtained with mixtures of air and Oldham coal gas. At the moment of ignition 
the charges were under atmospheric pressure, the temperature being from 60 to 66° F. 
It will be noted in conjunction with the table accompanying Fig. 692, that the 
mixture in ratio 1:14 gave the slowest, while 1:6 gave the most rapid combustion. 
Mixtures in which the ratio 1:6 was exceeded, that is, in mixtures still richer, the 
inflammability again decreased, as shown by curve 7. From diagrams g and h we 
find a mean time of explosion of .05 sec. Since the height of the cylinder was 8} ins., 
the maximum velocity of flame propagation was accordingly about 13.8  ft./sec. 
Pure hydrogen-air mixtures in the ratio 2:5 showed velocities nearly three times 
this figure and developed explosion pressures exceeding 120 lbs. per sq.in. Clerk also 
computes the actual maximum combustion temperature from diagrams g and h as 
equal to 3256° F., and the theoretical explosicn temperature, assuming that the heat 
is completely developed, as equal to 6870° F. 

Soon after Clerk, Kérting made similar tests with compressed air-illuminating gas 
mixtures.2, The test cylinder used had a diameter of 6 ins., while the length was 
5 ins. It was provided in the bottom, with an “explosion port” about 4 ins. long. 
The tests were made with varying degrees of compression and diagrams obtained, as 
before explained. Figs. 693 and 694 show the explosion lines of a number of them, 
together with the beginning of the cooling curve. The first row of diagrams was 


1See Clerk, “The Gas Engine,” ed. 1886. 
*Z. d. V. D. L., 1886, p. 875. 
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obtained with the richest mixture (1:5.42). Increasing the compression pressure from 
atmosphere to 30 lbs. apparently increases the time of explosion from .01 to .0125 
sec. This retardation of the rapidity of explosion grows less marked as the mixture 
grows leaner. Thus for a ratio of 1:7.5, the diagrams of the second row show that 
while the time of explosion under atmospheric pressure (diagram a) is .032 sec., the 
time has increased only to .036 sec. (diagram c), when the mixture is originally 
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compressed to 37 lbs. If, as in the case of Clerk’s tests, the velocity of flame 
propagation is computed from the dimensions of the test cylinder and explosion port, 
we obtain the following results for the richest and the leanest mixtures: 
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The retarding influence of compression therefore seems to gradually decrease or 
to entirely disappear, as the mixtures grow leaner. That the kind of fuel used plays 
an important part in this phenomenon has, however, already been pointed out, pp. 536 
and 557. 

In order to study the influence that the form of the combustion chamber may have 

“upon the nature of the combustion, Kérting also made ignition tests in a tube 2.04 
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ins. in diameter and 16.4 ft. long. These tests showed that the combustions in the 
pipe ave very irregular, being in some cases explosive and accompanied by violent 
noise, while in other cases they were slow and uncertain. It was also shown that the 
charge could be completely ignited in much shorter time when the ignition started 
from the middle of the length of the pipe than if the charge were ignited from one 
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end. In all cases, however, the development of maximum pressure took a longer 
time in the long tube than in the short cylinder. Both the shape of the chamber 
and the location of the igniter therefore are cf importance in the process of com- 
bustion. Theoretically, of course, the spherical form of chamber with the igniter at 
the center is the most desirable, because in this case the distances that the flame - 
must travel to complete the ignition are of the same length in all directions 
and at the same time the shortest possible. In actual practice of course this 
ideal form of chamber can never be carried out, the next best shapes are the 
hemispheres or the short cylinder. In any case the igniter should be placed in the 
axis or center line of the chamber, as near as possible to the core of the com- 
pressed charge. 

Another type of diagram which, besides the pressure-time diagram above mentioned, 
may serve to clearly bring out ignition and combustion events is. the so-called 
“distorted”’ diagram Fig. 695, introduced by Pref. E. Meyer. To obtain such a 
diagram, the indicator reducing motion is offset with respect to the engine crank 
so as to bring the explosion line in the middle of the card, when the drum speed 
is the highest. With greater clearness even than the diagrams of Korting, the 
diagrams of Fig. 695 show the partial explosion preceding the main explosion, a 
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phenomenon which is hard to understand except by the action of the explosion port 
in the cylinder head. Meyer himself explains its occurrence accordingly. The diagrams 
were taken from a Deutz horizontal kerosene engine.! On the basis of the data 
available, Professor Meyer found that the velocity of combustion of the kerosene 
vapor-air mixture was from 32 to 62 ft/sec, which is from 2 to 3 times the value 
found for lean illuminating gas mixtures. Another example of the distorted diagram, 
taken from a Haselwander engine, is given in Fig. 551. 

A further means of studying what happens during ignition and combustion is 
afforded by the “double-stroke’” diagram which the writer has used since 1899 
in connection with high speed engines, especially automobile machines. If the indicator 
is operated from the half-time shaft or from any other lay shaft running at one-half 
the speed of the crank-shaft, and if the reducing motion is so set as to bring the 
end of the compression and exhaust strokes in the middle of the travel, we will 
obtain an unusual diagram, the theoretical shape of which is shown in Fig. 696. In 
this diagram the pressure lines of the I and IV, and of the IZ and III strokes are 


1%, d. V. D. L., 1895, p. 987. 
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recorded side by side. The combustion line is taken at the moment of maximum 
drum speed, as in the distorted diagram, and on that account shows any variation 
with great clearness. If the combustion were instantaneous (explosive) at the dead 
center, this line would rise vertically. On account of slow combustion, however, it 
inclines to the right, is as indicated in broken line in Fig. 696. The two double- 
stroke diagrams shown in Figs. 697 and 698 were obtained by the writer from a 


1’’=180 lbs. per sq.in. 
1372 r.p.m. 


1’’=180 lbs. per sq.in. 
1100 r.p.m. 











Fig. 697. Fia. 698. 


3 H.P. gasoline engine running at 1400 r.p.m. The left side of the diagram records 
the compression stroke, the right side the explosion and exhaust strokes. Since, in 
such high speed engines, the spark is made to jump as early as one-half of the 
compression stroke, and since the speed of the indicator drum increases rapidly toward 
the center, the compression and combustion lines merge into each other. The com- 
pression curve alone (no ignition) is however clearly shown in Fig. 698, which records 
several miss strokes and late ignitions.! Diagrams of this kind can of course not be 
used to compute engine horse-power. 


1The writer’s pamphlet, ‘‘Konstruction and Betriebsergebnisse von Fahrzeugmotoren,” Berlin, J. 
Springer, contains a number of other diagrams of the kind together with a description of the indicator used 
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APPENDIX 


Ave oer ORY 4 
I. Synopsis of Thermodynamics 


1. Heat and Temperature and their Units. Radiant heat is considered as 
produced by transverse vibrations of ether and the latter are considered due to 
rapid vibrations of the molecules of the radiating body. Temperature is one of the 
several manifestations of heat which makes the existing degree of molecular movement 
(degree of heat) sensible externally. Heat and temperature are therefore different 
conceptions. As a measure of temperature we employ another manifestation of heat, 
that of the expansion of bodies. Of the latter, mercury and alcohol are the most 
used in ordinary temperature meters (thermometers). The subdivision of the distance 
between the two fixed points on the thermometric scale, freezing point and_ boiling 
point, is arbitrary. Besides the now quite extensively used scale of Celsius, which 
divides the distance into 100 equal parts, we further have the scale of Reaumur, 
which uses 80 equal divisions, and the Fahrenheit scale, almost exclusively used in 
this country and in England, in which the distance is divided into 180 equal parts. 
The latter is the oldest of the three. The conversion from one thermometric scale 
to another may be made by the use of the following equations: 





9p rp _390). pate—tp—39° 
C=ZR=-[F ~32]; R=5C=5[F -32"]; 
9 9 
32 30° 
F=32°+=C =32° +5 


The lower limit of commercial utility in the ordinary mercury thermometer is at 
about —40° C.= —40° F., the upper limit is usually not much above 250° C.=482° F. 
When the space above the mercury is filled with nitrogen, brief readings up to 
350° C.=662° F. become possible, but the indication is uncertain above 280° C.=536° F. 
Carbon dioxide thermometers may be used up to 550° C.=1022° F. For the measure- 
ment of still higher temperatures, pyrometers are emeloyed. Their action depends either 
upon longitudinal expansion or change of form of solid bodies, upon the expansion 
of air or upon the electro-motive force generated by thermo-elements. Another way 





1A brief and elementary guide for those readers of the book not thoroughly familiar with either 
Thermodynamics or Thermochemistry. 
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of determining very high temperatures is to compute them from the specific heat of 
metallic bodies by calorimetric methods. 

Suppose for instance that a wrought iron sphere of G pounds weight which had 
been exposed some time to the action of the exhaust gases just outside of the exhaust 
valve of a gas engine were quickly dropped into a non-radiating vessel containing 
W lbs. of water, then the temperature of the latter will increase from ¢,° to some value 
to°. If the mean specific heat of wrought iron (or any other metal) was ¢ for the 
temperature range, f° to f°, the temperature of the exhaust gases must have been 


Cia 





(t oe degrees. 


According to Weinhold, we have for wrought iron 
c= .105907 + .00003269 (t; + t2) + .00000001108[41? + t? + (4 + te)?]. 


Note that here ¢t is in Centigrade degrees. 

For temperatures less than -—40° C. or F., alcohol thermometers, whose field 
of application ranges from —100° C: to +78° C. (—148° F. to +172.4° F.) are used. 

Just as temperature is expressed in degrees, the quantity of heat is expressed in 
heat units (B.T.U., British thermal units). A heat unit is the quantity of heat 
required to raise the temperature .of one pound of water under atmospheric pressure 
through 1° F. [In the metric system the heat unit (kilogram-calorie, or calorie for 
short) is the quantity of heat necessary to raise 1 kilogram of water through 1° C. 
The gram-calorie, sometimes called the small calorie, is equal to zo of the kilogram- 
calorie. 

2. Pressure, Density and Specific Weight or Gravity. The “heat carriers” in 
gas engines are gaseous bodies or mixtures of them, simply called “gas” for short. 
Every gas, owing to its tendency to expansion, exerts upon the walls of the vessel 
enclosing it, a pressure, the magnitude of which is expressed either by the height 
of a column of liquid maintained in equilibrium by it or by the pressure exerted 
upon unit area of the enveloping surface. The instruments used in the first system 
of measurement are called manometers, the liquid being mercury or, for very small 
pressures, water; those used in the second system are. designated simply pressure 
gauges. The unit of pressure is the “atmosphere,” in English units equal to 14.7 lbs. 
per sq.in., or, expressed in metric units, equal to 1.0333 kg. per sq.cm., at sea level. 
For technical purposes this value of 1.0333 kg. percm. has throughout Germany been 
replaced by a unit equal to 1 kg. per sq.cm., equivalent to 14.2 lbs. per sq.in., which 
gives the conversion factor used throughout this book. The following table expresses 
the relation existing between the units when expressed in various ways. 








True Atmosphere. Metric Atmosphere. 
a a 
Inches, Inches, 
Kg. per sq.em. Lbs. persq.in. Mercury aE Kg. per sq.em. Lbs. persq.in. Mercury are 
(Hg.) : (Hg.) : 
1.0333 14.70 29.92 33.91 1.00 14.20 28.74 32.75 


A barometer reading of 29.92’ (=760 mm.) is usually taken as the standard 
pressure, While 32° F. (=0° C.) is taken as the standard temperature... The two 


x 


te ee 


THEORY 565 


together determine the standard condition of a ‘gas (unless for certain purposes another 
standard set is chosen, see p. 6). 

In practice the pressure of a gas is usually stated in pounds above atmospheric 
pressure, that is, it is really what might be called the “over-pressure” (gauge 
pressure). In thermodynamic investigations, on the other hand, the pressure is always 
used as absolute pressure, that is, measured above a’ vacuum. 

Density (0) of a gas is defined as the weight of a given volume of the gas 
divided by the weight of an equal volume of pure, dry air. The weight of 1 cu.ft. 
of a gas at 32° F. and 29.92”" Hg. (14.7 lbs. per sq.in.), is called the specific weight 


(y). Since 1 cu.ft: of pure, dry air under the conditions stated weighs .08072 lb., 
we have that 


Fem OSUEZO Teena Gt Cee ee eet o cae renme aL) 
Abe [ind 
or OT ORUT lee ne ee (2) 


There are two other ways of expressing the value of 7. From p. 569 following, 
we have, eq. (19), that 

Py 

Game 
in which v=volume of 1 lb. of gas in cubic feet, P=pressure in lbs. per sq.ft., and 
=absolute temperature in °F.=461+temperature as measured. -R expresses the work 
done by 1 lb. of gas when heated through 1° F., the pressure P- remaining constant. 

R is aconstant for any onegas. We may write 


V=— T le (GaS 
Pine ose ER. 


but if v represents the volume in cubic feet of 1 lb. of gas, * represents the weight of 


1 cu.ft. of gas=7, hence 

Ae eee 

Ape eae 
Now under standard conditions, P=14.7 lbs. per sq.in.=2117 lbs. per sq.ft., and 
T =461+32=493°, therefore 


2117 4.29 


joer Re Ibs. per cu.ft., Sn tae See eee nro? os CLG) 


The second expression for the value of 7 is derived directly from the law of 
Avogadro. According to this 


r= 355.17 (Ds: per euutt., eA aS | tem 2.) 


in which m is the molecular weight of the gas (see p. 580). 
Under standard conditions (82° and 14.7 lbs.) vo cu.ft. of gas will weigh 


Go = 70 = -080720r lb. Sos oh eche mee ete men ree eh oe (3) 
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If however, a gas whose specific weight is 7, instead of being under normal 
conditions, is under a pressure of p pounds absolute or b inches of mercury absolute, 
at a temperature of ¢°, v cubic feet of the gas under the conditions given will weigh 


493 b 493 


P irene reddy) eu) is 
G=rTq9 141715902 FL 





lb siea psi ee eee 


The density of the gas under the same conditions will then be 


LP 493 > b 493 
41407 -461-ee © 29.92 46 oe 








(2a) 


Under ordinary conditions, atmospheric air is considerably lighter than dry air 
on account of the water vapor carried. 
3. Expansion, Absolute Temperature, and Specific Heat. If the temperature of 
a gas is raised from 32° to ¢°, while the pressure remains constant, the original 
volume v will expand to 
1 =0[1 +-aG—32)], 5. ae a ee 


or, if the temperature at the beginning is ?¢’°, instead of 32°, 


_ 1l+a(t—82) 
= a(t 32)’ Gin eee halt 5. vse yh dgde eee 
a is called the coefficient of expansion at constant pressure. For changes at constant 
volume, the pressure changes according to a similar law. The pressure coefficient is 
slightly greater than the volume coefficient a, although the difference is practically 
negligible. For all perfect gases the value of @ is nearly the same, that is 


ll 
CER r .00208. 


A volume of gas v1 at a temperature ¢ and pressure 6 inches of mercury, will 
therefore, when reduced to standard conditions, occupy a volume equal to 


493b v1b 


= "159 991493 + = 3D] 20.91 +.002030-3y7 °° CO 





This equation is valid whether heat is supplied or withdrawn. Assuming now 
that it were possible to cool a gas down so far as to make its volume zero, eq. (6) 
shows that the temperature would have to be decreased 493° below 32°, the freezing 
point. This point, —461° below the zero of the Fahrenheit scale, is called the absolute 
zero, and absolute temperatures are measured from it as a starting point. All computa- 
tions in thermodynamics are based upon absolute pressure and absolute temperatures. 

The specific heat (capacity for heat) is the quantity of heat (in B.T.U.) which 
must be supplied to one pound of a given body to raise its temperature 1° F. In the 
case of solid bodies, the specific heat varies with the temperature; in gases it is also 
dependent upon the pressure. A given body of G@ pounds weight requires a quantity 
of heat equal to 


Q- GAR Wie. ee 


ty 
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to raise its temperature from ¢, to tz, through a range of f°, the value of the specific 
heat c not being constant between the temperature limits given. In general, however, 
the variation in the value of ¢ is very small and in many cases yet unknown, hence 
it is usual to assume a mean value of c¢, in which case eq. (7) reduces to 


Q=Gct B.T.U. Bee 1 haan ee a ha) 


If G pounds of one fluid, having a temperature ¢t and a specific heat c, is mixed 
with G’ pounds of another liquid, having a temperature ¢’ and a specific heat c’, we 
may write the resulting temperature tn, according to Richmann’s rule, equal to 


_Gat+G'e't’ 


eabe _ & (Get) 
m= Gen @er or, in general, tm= 


SO 





The specific heat of gases at constant volume (c,) is always considerably smaller 
than that at constant pressure (cp) and we may write for all perfect gases 





Cp : eee hut nok 4s 2 ; 

aa Cp Sean. Bs Riga) en ie eee (9) 
Cp — ne SAW 10 
Pp is ati . ° . . ‘ . . a hie Sg ( ) 


The conversion of the specific heats cp and cy rom the weight (pound) basis to ‘the 
volume (cubic feet) basis is made by means of multiplying by the specific weight 

















m 
1=35877 (see p. 581) so that 
Cp=7Cp, and Cy=7to. 
TaBLE 143 
SPECIFIC HEATS AND CONSTANT R FOR PERFECT GASES 
Sprciric Heat. 
Per Cu.ft. ‘at 32° F. c 
Name oF Gas. Per Pound. and 29.92” He. Tae R 
Cp Cy Cp Cy 

Hydro venat5 44a. tee oe H, 3.43 2.43 ) (| 770.2 

ORV CON se yates oP eeecyeters 2s O, Ale .153 | | 48 .30 

INGO @ eit rates, ast te deca te: N, .245 174 .O191 .0136 1.41 55.08 

Carbon-monoxides...:<s-.).>- CO .245 174 Joel 

INItriGnO xid ems settee <class NO .23 .163 52.47 

AXiies (Gling ahi (ol pMvbes)) a eS aun oan OOS .238 .169 en Brien ee 53 .34 
PAVWiateriva pont aa rac taten H,O 48 BY .0241 .0185 1.300 85.87 

Carbonndioxid@mmie at aes aoe CO, .20 pe 5) .0245 .0189 1.293 SOLS, 

Weatylens ices fot otc canal is. C,H, [346] [.27] [.0251] | [.0196] | [1.281] 59.42 
eMethane!sts. 5. eee ee CH, .593 .468 .0265 .0208 1.270 96 .47 

Wehylenesiy.) Lee C,H, 40 33 0354 0292 1.210 55.19 

leo hol % ahadenmeempete pate C,H,O 453 400 .0576 .0508 1.118 33.56 

Benzo lene scare petoexeear a C,H, 45) .305 .0713 .0659 1.082 19.80 
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Table 143 contains the specific heats for all of the so-called perfect’ gases likely 
to be used in the gas engine industry. Mixtures of gases having the same number of 
atoms have the same volume specific heats as the constituent gases; thus for a 
mixture of di-atomic gases, for instance, we have, from Table 143, 


[Cr— OOK and Cy= 036: 


If a mixture consists of Gi, Ge, G3,..., parts by weight or of 1, Vo, 03,..., 
parts by volume of various gases, so that 2(Gn)=1, or U(vn)=1, the respective 
specific heats of the mixture will be 


Cp — pa (Gep)n, y= >> (Gev)n$ . ° . . . . . . . GE) 

Cp = (VED) n, Cy = 21 (06) ne aa ne cate RE sone RS eae (11a) 

4. The Relations between Volume, Pressure, and Temperature. The Equations of 
State or Condition. For a certain given weight of a gas, the product of the volume v 


by the pressure p, or the product of the volume v by the density 0, is a constant as 
long as the temperature remains constant, that is 


vp=vipy (Law of Boyle), 6 202) i ee 
and V0 =101 = 1.0. ot LURES aR a Le ee 
Hence eee LU at glam ade Teeter hg, 
Ce 0 


As stated, eq. (18) only holds good as long as the changes are “ isothermal,” 
i.e, as long as the temperature remains constant. If, on the other hand, the 
temperature during the change increases from T to T,, we will have 


eee etn one tal k ee 

=, or eS or SNEsaae TIPE). . . . . . . . 14 

ree Var P1 TT oy Ty \ 
[ volumes \ at constant 


( pressures (densities) | areas 
J 


pressures (densities) | | volumes 
each other as the absolute temperatures. (Law of Gay-Lussac.) 

The first two equations of (14) can also be derived in another way. Thus from 
eq. (5) we have, if a volume v is heated from 32° to some temperature ¢ at constant 
pressure, that the final volume will be 


according to which the 1 


—32 
v1 =f +a (¢-82)] = of +.00203 ¢ -32)]=0(1+ 5). fie So eee 
“a 
Similarly, if during the same range of temperature the volume remains constant, we 
will have a final pressure equal to 





1 = pl + a(t —32)]= pl +.00203 (t 32)]=p(1+ G55) es ats 
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Substituting in eqs. (15) and (16), 


T=493, and T,=[493+ (t—-32)]=461+4, 


we have as before 


ees, ve 
Ey eg 
TS Vy 
or 01 = OF and Pi Pa HBS AG, eerie hares 5 sed a7) 


If the temperature at the beginning of the change had been some temperature ¢’ 
instead of 32°, v, (and by analogy also p,) would have been directly found from 
eq. (5a). 

Suppose that one pound of a gas, of volume 1, is heated through 1° at a constant 
pressure of P pounds per sq.ft. If the final volume is 21, and we designate the work 
done by the pound of gas in expanding from v to 2, against the pressure P by R, 
we shall have 








P(r, =) =k, 
or Po( 9 -1) sali 
v / 
Now from (17) ee oy 
‘eae 
i ey Olina Ne, 
hence ee 1) Po( i ) R. 


But since we are heating only through 1°, 7;—7'=1, hence finally 
| ESTAR 2 Ea es he i a 8) 


R is a constant within ordinary limits for any one gas, but it should be noted that 
very low temperatures or very high pressures cause a variation in R, and (18) is 
then no longer strictly applicable. Eq. (18) is a combination of the law of Boyle 
with that of Gay-Lussac and may also be written 





Pome bai 
ay == Constanta, ot. we se eee 6 ae. 9) 
Nod ay 

or oe oy iP AA WIG). Oi gtb~ Cn Re ee ee aes SR a ek (19a) 


For values of R, see Tables 143 and 147. 

If a gas is compressed in a non-conducting cylinder, its temperature is increased 
from JT at the beginning to some temperature 7. This in itself, according to the law 
of Gay-Lussac, causes an increase in the pressure. The latter is hence increased in 
two ways, first, by the pressure on the piston and, second, by the effect of the heat 
of compression. Consequently the pressure exerted by the gas must increase faster 
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than it would without the temperature rise. The reverse takes place when a volume 
of gas is expanded from v to v1, in which case the work of expansion is done at the 
expense of the heat contained in the gas. This action decreases the temperature which 
decrease is accompanied by contraction, and hence the pressure falls faster than if 
the temperature during the expansion had remained constant. 
According to the law of Poisson, we have for adiabatic changes of state, during 
which no heat is either supplied to or withdrawn from the gas, that 
1 
: we 2) v Pi\ * 
ov 2 2 A eran —=(— ae 
PUP= Dir ss £8) 5 -(2 ; (21) and x (2) : (22) 
in which p and v refer to the original state of the gas, p, and 2, to the final state, 
and x=Cp+C>, the ratio of the specific heats of the gas in question. 
These equations are best solved by means of logarithms, thus 


i eee j-loo ves 

a anti-log (: log - ), eta. Oe) eae 

and anti ‘los (; log Ph). ei Set te ey ()) 
V1 P 


By combining eqs. (20) to (22) with eq. (14) of Gay-Lussac, we may derive expres- 
sions giving the increase or decrease of absolute temperature with adiabatic increase 
or decrease of pressure. We have 


1 
iis V1 Pots | Cree T1 z—1 
7- (4) os. 7S, thas) and 2 = (=) 7 oie eee 
ap il x 
T Bye p am 
pac 2 a he; d ——=( — PP een tno). 
a5 T; Gs ; Cao ag Dineen ae 


If the original state of a gas is defined by p, v, and T, the end conditions, after an 
adiabatic change, are 


pi=>()" =anti- og [loz p-+e(Ioe~) |: . oO AD soe a ea 
1 V1 
fete ys 
pi=?( 7") anti-log loz Pea (toe Bl 5) Giaouty asty one: 
i 
ale) =anti-log [low w+ 7 (ioe 2); suc a see Kole aren aon 
1 
_ de 
eae = bret Recon 
n=) =anti-log toe ges 4 (toe zr) | (28a) 
s 2) =anti-log toe T + (w 1) log 21. oe et ed irae 
1 


fo 
= 7 (2 Ne =anti-log [log 7-+==*(Iog 2) |. tis) ila thsleey AERC OOM 


The expression (10% 5 etc., may also be written (log v —log 2), ete. 
1 
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AVERAGE VALUES OF cp, ©, AND zx FOR AIR AND PRODUCTS OF COMBUSTION 








Cp thi w 1 il 











c c =a ae 
= - a m z sree ABAD gl x 
ANTS OWI VAC CIA Gab inv oo esac see nee .2375 | .1684 OR 709 410 | 3.493 | 2.493 | .291 


from illuminating gas-air mix- { 1 to9 | .259 .189 .370 | .730 .3/0 | 3.703 | 2.703 | .270 


1 

For products of combustion 1to6 | .268 .198 1.356 | .738 .356 | 3.809 | 2.809 | .263 
1 

tures in the ratio of 1 to 12) .254 .184 1.380 | .725 .880 | 3.632 | 2.632 | .274 





























It is simpler in many cases to determine the end temperature 7;, from the general 
relation Pv=RT. It should be remembered in this connection that P represents 
absolute pressure in pounds per sq.ft., and v is the specific volume in cu.ft. of one 
pound of gas. If instead of v the actual volume V of the gas is given in cubic feet, 
so that the weight is G pounds, we will have 


and from VP=GRT, we then get 


ein 


i= Ep 


(30) 


5. Examination and Construction of Pressure-Volume Curves. The theoretical 
pressure-volume curves are of importance in thermodynamic investigations because 
they indicate what the pressure and volume changes should be in theory, and conse- 
quently form a basis upon which to judge the real changes occurring in practice. 
To construct or draw the curves, the rectangular 
system of codrdinates, ox, oy, Fig. 699, is employed, 
the x-axis (abscissas) representing a scale of volumes, 
and the y-axis (ordinates) a scale of pressures. 
These scales may be chosen to any convenient 
length per unit. From o, the origin, lay off a dis- 
tance v=oa equal to the original volume, and at 
a erect a perpendicular of length ab, so that ab=p 
is the original pressure. The point 6 then repre- 
sents the original state, designated by p, v, T, of a 
certain quantity, say one pound of the gas. If now 
we allow the gas to expand to say 5 times its original. 
volume, the point c, at a distance equal to 5v=5ao 
from the origin along the «z-axis, will represent 
the final volume v,. The length of the ordinate 
through c, however, depends upon the equation of condition or state according to 
which the gas expanded. If, for instance, by means of a proper supply of heat, 
the pressure had been maintained constant, we will have cd=ab, so that py=p, and 
the curve would have been a straight line bd parallel toac. This is known as a 
constant pressure line or an isobar. The heat supplied has of course raised the 
temperature from 7 to 7, and the final state of the gas at the point d is given by 


P, V1; Pe 
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If during the expansion just so much heat is supplied as is required to maintain 
the temperature constant at 7, the pressure p would have decreased, according to 


Boyle’s law, eqs. (12) and (18), and at every stage of the expansion Pi=P— If at a 
1 


number of points between a and c, ordinates are erected equivalent to the correspond- 
ing pressures, as determined from the above equation, and if the end points of these 
ordinates are connected by a smooth curve, the curve will be the isothermal be. The 
final condition at the point e is given by %, pi, I. : 

Finally, if we assume that no heat whatever is supplied to the gas during the 
expansion frem v to 2,, and that the enclosing walls are impermeable to heat so that 
the change proceeds without either supplying or withdrawing heat (adiabatic change), 
we may apply the laws of Poisson, as stated in eqs. (20) to (22). If the ordinates 
corresponding to any intermediate volumes are computed from these equations, it will 
be found that the pressures decrease much faster than they did for the isothermal line 
and that consequently the adiabatic line bf diverges more and more rapidly from the 
isothermal be. The end condition at the point f is defined by py, v1, 74. 


If we keep in mind that the isothermal line be follows the law ore while the 
1 


adiabatic line is determined by the equation Pa (m)" it will be seen at once that the 
greater the exponent x, the more rapidly will the adiabatic approach the z-axis. If 
the value of the exponent is some other value than 2, say n$1, the simplest way of 
constructing the curve is by the method of Brauer.! From the origin, Fig. 700, lay 
off the angle a below the z-axis, and compute the angle @ for the y-axis according to 
the equation 


1L+tan = (1 +tan a) 0 oe enn oe SS 


From z, the point fixing the original condition of the gas and hence the starting 
point of the curve, draw the vertical zs and the horizontal zw. Through the inter- 
sections s and w draw the oblique lines at 45° 
as shown, and from the points s; and wy, so 
determined draw the next set of verticals and 
horizontals. Their intersection in 2, determines 
the next point on the curve. Continuing this 
process determines the curve. The net-work 
of construction lines not only determines the 
polytropic line through the point z, but it is 
possible by their use to draw a series of such 
polytropics. A second curve is indicated in 
Fig. 700. The smaller the angle a is taken, 

Fie. 700. the closer together will be the points of inter- 

section on the curve, and the more accurate 

therefore will be the curve. Table 145 gives several practical values of a and # for 
exponents from n=1.1 to 1.41. 


























17. d. V. D. I., 1885, p. 433. 
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: TABLE 145 

Exponent n= 1.10 1.15 1.20 1.25 oO eS 1.41 
Angle a 9° 11.20 11 .20 11 .20 14 ,05 14.05 14 ,05 18 .25 
Angle 2 0 12.35 13 .10 13 ,90 17.995 18 .40 19.25 26 .30 
ART Gln oetciatins peony Os2=155 0.2 0.2 0.25= 174 0.25 0.25 [Oo vel 
dba oly cReae our 0.222 0.284 0.245 0.3822 0.337 0.352 0.497 ~1:2 

















For n=1.0 (Qsothermal line) the pressure-volume curve becomes a common 
hyperbola. 

Instead of constructing the pressure-volume curve from given data we can of 
course go through the reverse process and from given pressure lines, as for instance 
those given by the engine indicator, determine the condition of the gas with respect 
to v, p, and T. Since the exponent in the equation for the adiabatic change is 
equal to a= 2, we know at once that, if an actual pressure-volume expansion line for any 
given gas shows an exponent n different from x for this gas, the change was not 
adiabatic. If in such a case n>2, heat has been withdrawn during the change, while, 
if n<a, heat must have been supplied. On the other hand, the opposite relations 
hold for the compression line. 

In practice, however, an expansion cr compression line may appear to have an 
exponent n=2 and still not be a true adiabatic. This occurs when the amount of 
heat withdrawn from the gas during the change is just balanced by the amount 
supplied. Consequently if the expansion line cf a gas engine indicator diagram shows 
an exponent equal to az, this by no means proves that the expansion has been 
adiabatic, but rather that a considerable amcunt of after-burning has taken place. 
The highly heated gases must during the expansion transfer a considerable quantity 
of heat to the cooling water, etc., which quantity can only be restored by after- 
burning if the expansion line appears adiabatic, that is, shows n=x. A curve of this 
kind has by some writers been called a false adiabatic. 

From this standpoint we may summarize what is said above as follows: In all 
expansion lines for which n<z, that is, those that are situated above the theoretical 
adiabatic curve, the supply of heat is greater than the simultaneous withdrawal of 
heat, while the reverse is the case for all expansion lines for which n>z. 

The deductions concerning the process of expansion made on the lines of Fig. 
699, also apply without change to the compression of all perfect gases. The adiabatic 
compression line therefore rises more rapidly than the isothermal compression line 
starting from the same point, and for all lines lying 
above the isothermal the greater the exponent n in 
the equation pv"=const., the steepei the slope of the 
curve. 

The exponent n for that part of a polytropic curve 
lying between the end points 1 and 2, Fig. 701, may 
be found from the equation 


7 





, y Up Vy Up 
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in which p and »v are as indicated in the figure. In this case n is considered constant 
for the entire curve. In fixing the points 1 and 2 care should be taken to see that 
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they are located on the expansion line proper and not on the end of the combustion 
or the beginning of the exhaust line respectively. If it is desired to determine the 
variation of n along the curve, divide the latter into a sufficient number of parts 
(5 to 10) and from the values of p and wv for the end points of each one of the 
partial lengths, say between the ordinates x and y, n may be computed from 


log pe —log py 


~ Jog vy —log ve" ee 


x/y 


An accurate investigation of gas engine diagrams always calls for a subdivision 
of the expansion or compyvession lines, as above indicated, into as many parts as 
practicable,. sometimes on an enlarged scale, because the exponent n, especially in the 
case of the expansion line, often changes very considerably. (See p. 38, Part I.) 

6. Relations between Heat and Work, and the Mechanical Equivalent of 
Heat. A gas, expanding when heated, does external work, and conversely, doing 
work upon a gas, as compressing it, generates heat. There is a certain definite 
relation between the unit of work (foot-pound) and the unit of heat (British Thermal 
Unit) and it has been found experimentally that to generate mechanically one thermal 
unit requires the expenditure of mechanical energy equivalent to 778 ft.-lbs. Con- 
versely, one B.T.U., when completely utilized, can do work equivalent to 778 ft.-lbs. 
Hence, 1 B.T.U.=778 ft.-lbs. is the mechanical equivalent of heat, while 1 itlb.=ae 
B.T.U. may be called the heat equivalent cf work. The latter value is usually 
designated by A, so that 


A= La =AOT284e bales 
778 


The first accurate determination of the mechanical equivalent was made by Joule, 


who found at that time 7~772 ft.-Ibs. This figure is generally known even to-day 


as Joule’s equivalent.! 

Heat suppled to a body of gas has three effects: it increases the mobility of 
the molecules, which manifests itself on the one hand in greater amplitude of vibration 
(temperature) and on the other tends to change the relative position of or the distance 
between the atoms (internal energy), the two effects together transforming a certain 
amount of the heat into internal work. The third effect of supplying heat is to 
increase the volume of the gas or its pressure, and this represents external work. 
If the two parts of the internal work U are designated by W and J respectively, 
and the external work by L, we may write for an infinitesimal supply of heat that 


dQ = AW ddd) AGU dL).o 2 ada eee ee ee 


Eq. (33) expresses mathematically the jirst law of Thermodynamics. If for dJ-+db 
we write dH, so that 


dQ=A(dW+dH). 


1 Regarding the uncertainty of this value, which varies from 772 to 782, see p. 2, Part 1. 
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the first law may also be stated as follows: ‘‘The heat supplied to a body is partly 
used to raise the temperature and partly to increase the volume or the pressure 
of the same.” 

Assume now that we have one pound of any one of the perfect gases, with a 
volume at the start equal to v cu.ft., an absolute pressure of P pounds per sq.ft., 
and an absolute temperature of 7’ degrees, enclosed by a piston in a non-conducting 
cylinder. If we next supply this body of gas with a certain quantity of heat equal 
to Q B.T.U., the effect will depend upon the action of the piston and may be as 
follows: 

(a) Volume Constant. If the piston is held in its original position, (v=constant), 
the heat Q supplied will raise the temperature of the gas from 7 to Ty, and the 
pressure from P to P,, according to the equation 


Q ph 
P 


Cy 


Ty=T+ (34) 


Conversely, having given 7; and Py=Pa, we can find Q from [see also eqs. (27) 
to (29)], 


CyV 


at = i Py BLU. lg ey 38035) 


Since v remains constant, the heat supplied did no external work. 

(b) Pressure Constant. If the gas during a movement of the piston is furnished 
with a quantity of heat Q, sufficient to keep the pressure P constant, the temperature 
in the cylinder at the end of the expansion will be 


ie ets 150s bo he yee Cee OO) 


The external work done by the piston in its outward movement is equal to the 
pressure P into the change of volume, that is, 
bP, —0) 1b.-lbs., or LHR y—T) ft-lbs... s-t2-% ss 767) 
and the heat used will be 
Mae -1) =" (n Fen bss OM Olen shina a Cotati rah vised) 


(c) Temperature Constant. If the supply of heat is so controlled that the temper- 
ature does not change during expansion, the final pressure will be 


Py=P— Ibs. per sq.ft. 
v1 
The external work done will be 
L=2.3026 RT log 7 =2.3026 RT log * fi.clbas arto eee (29) 
1 


or L=2.3026 Pv log *=2.3026 Pir log ft-lbs. . . .-. . @9a) 
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Finally, the heat required is 


Q=2.3026 ART log 4 =2.3026 ART log Bey os <> eee 
1 ) 


The factor 2.3026 represents the ratio of natural to common logarithms, and disappears 
if the former are used in place of the latter. 

(d) No Heat Supplied during Expansion. If the gas expands without gain or 
loss of heat (adiabatically) from the original state (p, v, T) to the volume wv, the 
heat received is of course equal to zero. The change in pressure and volume is 
determined by eqs. (21) and (22). The work done is 








cL 
L=“(7 -1) igPe|} (2) | fee. UA 
1 
Pp cam 
or i ee ‘ | #.-Tb8, >.) og. st eA oe 


The expressions developed above under (c) and (d), when used in the proper 
sense, also apply to the compression of a gas. As before, v, P, and T refer to the 
original and v,, P;, and TJ; to the final conditions. In this case, however, Q is the 
heat generated by the compression, that is the heat to be withdrawn, and it should 
be noted that it refers in all cases to one pound of gas. 

7. Cycles. A cycle is defined as a series of successive pressure and volume 
changes in a body of gas, during which heat is supplied to and withdrawn from the 
latter in such order and quantity that the final con- 
dition of the gas is the same as the original. The 
pressure-volume lines of a cycle therefore form a 
closed polygon, but the individual enclosing lines 
may follow any law. Fig. 702 may serve as an 
example. Suppose that from the point 1 one pound 
of air (gas), having a volume 2, cu.ft., absolute 
pressure P, lbs. per sq.ft. and an absolute tem- 
perature 7’, expands isothermally to the point 2. 
In order to maintain the temperature at 7, we 
must supply a certain quantity of heat Q’ B.T.U. 
From 1 to 2, the pressure has fallen from P to 
Py, lbs. per sq.ft. The external work done during 
this change was UL’ ft.-lbs., from eq. (39), repre- 
sented in the diagram by the area F’=12I11. The heat supplied along 1-2 
therefore is 








OAL SAR RIT Vel) ad op eee = ee 


Next assume that the expansion from 2 to 3 is adiabatic, so that the external work 
must be done at the expense of internal energy in the gas. The temperature then 
falls from T to T,, the pressure from Pp: to Ps lbs. per sq.ft., while, according to 
eq. (41), the external work done is L, ft.-lbs., equivalent to the area #,=23 III II. 
The quantity of heat withdrawn from the gas to do the external work is 


LS AD, SAP Br os ahs eee eee 


a oe 


ss. 
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The quantity of heat Q supplied between 1 and 2 has during the expansion of 
the gas consequently done a total amount of work equal to (L’+L,) ft.-lbs., repre- 
sented by the area 123 III 1. 

The piston next starts on its return stroke and first compresses the gas isother- 
mally to the point 4. During this change a certain quantity of heat Q’’ must be 
withdrawn from the gas in order to keep the temperature constant at 73 in spite of 
the fact that P3 increases to Ps. The work of compression L’’ may be computed from 


eq. (89). It is represented by the area F’’=3 IIL IV 4 and its heat equivalent is 
CO NAM remee APD WIA etter Soe ee ee as gy pe y MAA) 


If from the point 4 the compression proceeds adiabatically, without supply or 
withdrawal of heat, the gas will return to the original pressure P, and the original 
temperature 7 when the volume is again reduced to 1, provided that the point 4 or 
the volume v4 has been properly chosen. The external work L,, done upon the gas 
between 4 and 1 is determined from eq. (41). It is represented by the area 


F,,=41V11, and the internal heat (heat of compression) generated is expressed by 


Diy ay eA do ed Oakes We se ass Wee est oe elas) (bon) 


The hatched area 1234=F represents the amount of external work done by the gas 
in passing through this cycle and is equal to 


= CLI aly) ate pete oa wanes fe eee sO) 


Eq. (46) expresses the difference between the quantity of heat Q’ supplied and the 
quantity Q’’ withdrawn, hence 





i ase aah fte=llose 


Tae (47) 


In eq. (46) since the external work done by the gas along 23 is equal to the 
work done upon the gas along 41, 


Dy a ye 
Hence the total work done also equals 


ee LO eg tee me MEE SCAT ay 


From eq. (39), however, 
L/=2.3026 RT log, and L’’ =2.3026 RT, log = 
1 
therefore 


L=2.3026 RT log . —2.3026 RT, log - 
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But for the adiabatic changes a=, hence 
1 0% 


L=2.30% R (T-T,) log “= 2.3026 RTA oe. 
1 1 


In this equation the factor 2.3026 RT log = corresponds according to eq. (40) to 


1 
, 


the quantity of heat supplied a and substituting this we finally have 


poe pin S(1- Fi). - as. Ja de 








AS ee A F 


This equation expressed in words states: that the theoretical external work L 
done in a reversible cycle depends not only upon the quantity of heat Q’ furnished 


ele! i Pee 
to the cycle but also upon the ratio vi of the temperature limits. 


The cycle just described is generally designated “reversible” because the individual 
changes could also be carried out in the reverse order with the same final result. In 
the special case above outlined, in which the limiting curves consist of two isothermals 
and two adiabatics, the cycle is the ideal (Carnot cycle) because for the given 
temperature limits it shows the theoretically best utilization of heat, that is the 
thermal efficiency 7, is the maximum. If, on the other hand, the heat has been 
supplied or withdrawn at varying temperature the cycle is called polytropic (according 
to Lorenz). Finally, we also distinguish ‘‘closed” and ‘open’ cycles, depending upon 
whether the same body of working fluid always goes through the various changes of 
state or whether the working fluid is subject to constant renewals. 

The thermal efficiency of a cycle is the ratio between the amount of heat trans- 
formed into external work divided by the total heat supplied to (or used by) the 
cycle. According to whether the heat supplied or the external work done refers to 
the theoretical cycle or to the actual indicator diagram, we distinguish 


Un 
Ua 


Theoretical thermal | nione 
Indicated thermal y 
The ratio of these two corresponds to the efficiency of the combustion process and 
may also be considered to represent the “card factor,” that is 


1; 
"=>: 
If as before Q’ is the heat supplied, Q’’ the heat discharged, so that Q’-—Q”=Q 
is the heat transformed into external work, we have in general 
Tam AA ib; 
» OF OU Our (49) 


amare Or On te ee eh ee 





and for the ideal cycle in particular, as will easily be seen from eq. (48a), 


nen Bee Oe eo ee ec 
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In the case of the Carnot cycle, therefore, the thermal efficiency depends only 
upon the range between the temperature limits, that is upon the fall of temperature. 

If the indicated work of one cycle is L,;, while the heat supplied is Q, the 
indicated thermal efficiency will be 


Li A 1b; 





For the method of determining L,, see p. 8, Part I. 
8. “Heat Weight”? and Entropy. From the derivation of eqs. (49) and (49a) 
it follows that for the ideal cycle we may write 


Comal Gane 
Q" 7 hence also. Rape ve) ewe a ee (51) 


This ratio _ of the quantity of heat supplied or discharged to its absolute tem- 


perature is usually called the “heat weight,” following Zeuner’s example. Eq. (51) 
may therefore be expressed in words as follows: ‘In an ideal cycle the heat weights 
supplied and discharged are equal to each other.” This is the second law of thermo- 
dynamics. 

Writing eq. (48a) in the form 


Q=AL=",(T—T), SANA, Gy. MR OES 


, 
and keeping in mind that = is the heat weight and 7—T, the temperature drop in 


the cycle, we may also state the second law as follows: ‘In an ideal cycle that part 
of the heat (Q) transformed into external work is equal to the product of heat 
weight by the temperature drop.” 
Since Q’ represents the heat supplied and Q” that discharged, so that the 
quantities are of opposite sign, we may write 
Q’ QU 


If now we assume that any given closed cycle is divided into an infinite number 
of elementary Carnot cycles, we must therefore have also for the summation of all 
these elementary cycles that 


Q dQ 
Ui =0 or fro. 


Clausius has given the expression ae = the name ‘‘Entropy.’’ With this conception 


the second law of thermodynamics states that ‘In any given closed cycle the 
entropy (sum of the heat weights supplied and discharged) is equal to zero.” 

By plotting entropy with temperature we obtain the so-called entropy diagram 
which is an invaluable aid in the study of the operation of internal-combustion 
engines (see p. 10 and 40, Part I). 
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II. Fundamental Principles of Thermochemistry 


1. Atoms and Molecules and their Weights. A given body may be divided both 
chemically and mechanically. The infinitesimally small particles of an elementary 
material that can be divided no further either mechanically or chemically are known 
as atoms. It-is assumed that in any given material these atoms are closely associated 
in certain groups, and such smallest possible atom-groups into which the material can 
be subdivided without affecting its chemical constitution, are called molecules. 
Expressing this explanation in other words we may say that a molecule is the smallest 
weight necessary for the existence of a substance, while the ‘atom is the smallest 
conceivable weight with which the chemical elements form combinations. 

The atoms of the various elementary materials have a weight, called atomic 
weight (e), which, although impossible of direct determination, is definite and fixed. 
This weight is usually referred to that of hydrogen (the lightest element) as unity, 
and therefore expresses how many times the atom of a given body is heavier than 
the atom of hydrogen. The atomic weight of oxygen is e=15.95. If this figure is 
taken at 16.0, the atomic weight of hydrogen becomes o= 75 5 = 1.0082. For practical 
reasons chemists have of late years found it better to make computations with oxygen 
e=16.0 than with hydrogen e=1.0. 

The sum of the weights of all of the atoms of a molecule is known as the 
molecular weight (m). Since one molecule (Hz) of hydrogen consists of two atoms, 
its molecular weight is m=2. If based upon oxygen, however, (O2)=32, the molecular 

32 
15.95 
such units as the gram-molecule or the gram-molecule-volume, the numerical values 
for which are given below. 

The number of molecules contained in a given volume of a body constitutes its 
mass,2 while the relation between mass and volume is the density, (0) of the material. 
According to the law of Avogadro, equal volumes of all gases at the same pressure 
(density) and temperature contain the same number of molecules. From this we derive 
the following important conclusions: 

(a) The molecule-volume of all gaseous bodies is the same. 

(b) The density of all gaseous bodies is in direct proportion to their molecular 
weight m. 

In general the density of gases is referred to that of air as unity, that is 0 
expresses how many times heavier a given gas is than an equal volume of air under 
the same conditions. 

In conformity with the law of Avogadro, above stated, it has been found that the 
pound-molecule-volume is equal to 358.17 cu.ft. Mathematically expressed this means 


weight of hydrogen is m= = 2.0064. Chemical computations are usually made with 


1To get a clear conception of these statements, a gaseous body may be considered as a dust-cloud, in 

which the individual dust grains are made up of the finest elementary particles of some elementary 
substance. The dust grains then represent the molecules and their constituent particles the atoms. 
G 

2 Mass (M) and weight (@) of a body are proportional to each other, but not equal, since M a5" 

The mass of a body is constant, but the weight depends upon the acceleration due to gravity, that is 


upon the geographic location. 
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that, if m represents the molecular weight as before, the volume of one pound of any 
of the perfect gases under standard conditions, the so-called specific volume »v, is equal 
to 


358.17 
D— 





Roy ee kA Rete pe eve em 


and conversely that the weight of one cubic foot of any of the perfect gases under 
standard conditions is equal to 


1 


m 


From this equation the last column of the following table has been computed. 


TABLE 146 
CHEMICAL CONSTANTS: FOR PERFECT GASES 






































! Molecular Weight. 

ious eee 

. ensity per Cupic 

Kind of Gas. Naber Woeht. pee rie eS toAirn1.o| 32° and 

1B ee H,=2. 0,=32. 14.7 lbs. 

n é m m m 0 if 
FLY Giro Serene reese a. ah ses ie Isle 2a. | Lean 2 2.0 2.006 .0693 | .005588 

Oa en etter son re tereic carn xs O, 2 | 16 32 S139 Wea220 1.1056} .0892 
INT ro ere wetter: Cee rerue eis Alem ders N, 2 14 28 28.00 | 28.00 .971 | .0783 
Carbongmonoxide:............. CO 2 28 27393" |= 28).00 .967 | .0781 
INiiriCeOxIdes waa ade ares NO 2 30 La 30 .40 1203h .0838 

Carhonmdioxddes ees los an cans CO, 3 a Ace 44 43.87 | 44.00 Oo .12262 

JS le De i rae Nee 29 ee gen Bane .08069 
Wiaibernva Onis sence aden... H,O 38 atte 18 ioe 18.0 [G23 Oo0s 
PACe tnrlem es ran ac a ohtscrrem tales: cnc + C3H, 4 26 25 .94 26.01 .915 | .0724 
Methane teal et ete AA cer awe cnee aes CH, 5 16 15E9T | 16702 .654 | .0446 
Ihnen ean ce reccaniersee ce okey Sees aye CoH; 6 28 27.94 | 28.02 .974 | .0781 

NICO Gl EMER meter kc cca hie. ena « C,H,O 9 46 Hare | 6208 1.601 .13072 
PLODVIEMGrpecre reyes ear pie suite asks C,H, 9 42 41.91 ation 1.451 siliksl 
IBY STAD AO| ae Rt Ri, IR nce. Gh eee SR Gaels 12 78 77.82 | 78.04 2E695 a eelag 

| 
For carbon (C,), e=11.965~12; m=23.93~24; 0=.820; and 7=.0668. 





2. Elements and their Combinations and Symbols. Substances that can not 
be subdivided into simpler ones are called elements. Two or more elements may unite 
to form one or more chemical compounds either by the direct combination of their 
molecules or by a rearrangement resulting in what would correspond to the substi- 
tution of the atoms of one of the elements in the molecule of the other. 

Chemical combinations are entered into with ease, with difficulty, or not at all, 
depending upon the chemical relationship (affinity) of the elements concerned. If the 
chemical combination takes place it always occurs without loss of matter (weight), but 
is usually accompanied by a decrease in the number of molecules and hence contraction 
of specific volume. 

Elements and chemical combinations are designated by the first letter of their 
(usually Latin) names, the number of atoms per molecule being at the same time 
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defined by numerical subscripts. The chemical symbols of all of the gases likely to 
be used in the gas engine industry are given in Table 146. The symbol for hydrogen, 
for instance, is Hy, which states that the molecule of hydrogen consists of two atoms. 
Leaving out the atom number (in this case 2) gives to the symbol a double meaning, 
the letter H then not only signifies hydrogen in general but also a definite chemical 
quantity, that is, one atom of hydrogen, which in chemical relations has only one 
definite value. The same applies of course to the chemical symbols of all of the 
elements. 

One atom of carbon (C) combines with one atom of oxygen (O) to form a 
diatomic molecule of carbon monoxide (CO). In this case the combination formula 
(CO) lacks the atom number because the number of atoms in the union is definitely 
stated by the linking of the two symbols. The symbol for carbon dioxide is COx, 
which states that it is a combination of one atom of carbon with two of oxygen, and 
one molecule of COzg therefore consists of three atoms. The same number of atoms 
is contained in water vapor (H2O), ammonia (NH3) has four atoms, methane (CHy,) 
five, benzol (CgH,) twelve, etc. If a group of similar combinations is to be indicated 
by one general symbol, the atom number is replaced -by the subscript n. For instance, 
C,,H»e, designates a combination of » atoms of C with 2n atoms of H. In the case 
of ethylene (CoH,), therefore, n=2, while for hexylene (CgHi2), n=6, both belonging 
to the group of hydrocarbons designated collectively by Cn»H2,. The symbol C,,H5, 45 
states that a molecule contains m atoms of C to 2n+2 atoms of hydrogen, as for 
instance methane, CH4. ; 

The determinations of volumes or weights of chemical combinations is done by 
means of their molecular weights, the same as for the elements. If the molecular 
weight m is not given it may be easily computed from the atomic weights e of the 
elements in the combination. 


Examples. Carbon monoxide has a molecular weight equal to 27.93, consequently 1 cu.ft. 
from eq. (2) will weigh 
27.93 


= — = .0781 1s. 
if 358.17 781 pounds 





The same result would have been obtained by starting with the weight of a standard cubic 
foot of hydrogen, and remembering that the densities of the perfect gases are to each other as 
their molecular weights, as follows: 


27. 
7 = 005588 X — 0781 pounds, 


One molecule of carbon dioxide is composed of one atom of C (whose atomic weight is 
23.9: : ; . 31.90 ee 

23.98 — 11.965) and two atoms of O (whose atomic weight is —5— =15.95) ; its molecular weight 
therefore is (sum of the weights of the three atoms) equal to 11.965+2X15.95=43.865. One 
cubic foot of CO, consequently weighs 





43.865 
== = 122 
a 358.17 .12262 pounds, 
and its density is (air=1.0), 
12262 
f) re =1.519. 


~ 08069 
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One molecule of ethylene consists of 


2 atoms of C, of weight =2 11.965 = 23.93, 
and dee a Oe SA = A.00, 





hence the molecular weight of C,H, =27.93 


3 27.93 
and 1 cu.ft. of C,H, weighs gag qy 70781 Ibs. at 32° F. and 14.7 Ibs. abs. pressure. 


Any hydrocarbon combination of general formula C,H, has a molecular weight. of 
Moll on te 9Or Li 137 ie ee ea eee eS) 


in which 11.96=atomic weight of C and 1.0=that of H. For the so-called heavy 
hydrocarbons of general formula C,H», we have similarly 


Mo=11.96n+2n=13.96n~l4n, . ........ (4) 


and the density. of the latter group referred to air as unity will -be 


eC te NE ty fix, ee en nn 5 
.O8069 oO 

If any chemical combination is composed of several elements H,, Hz, E3,..., 
whose atomic weight is ¢, é2, ¢é3,..., and the number cf atoms in which is 


Ni, Na, N3,...-, respectively, the molecular weight cf the combination is 
M= Ney -+ Noo + n3é3+ . 2. = Uime)s. . 2 ew . 2) ©) 


3. Combining Weights and Volumes, Atomic Heat, Diffusion and Dissociation. 
According to the law of conservation of matter, the elements and their weights remain 
unchanged during any chemical change. A combination of different gases therefore 
has exactly the same weight as the sum of the weights of the constituent gases. 
Chemical reactions in general only take place in definite weight proportion, and in 
the case of the gases usually also in simple volume proportions. The smallest weight 
(or volume) with which any given element will still combine with another element 
is known as its combining weight (or volume). 

In gas engine practice it is often most important to know the volume ratios in 
which given gases combine. This is most easily determined by writing down the 
chemical combination formulas of the gases concerned, the number of molecules of 
each gas in the combination will then give the volume, as the following examples show: 


(a) Combustion of C to CO: 


1 molecule of C,+1 molecule of O.=2 molecules of CO, 


hence 


1 volume of C+1 volume of O=2 volumes of CO 
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(b) Combination of hydrogen and chlorine gas: 


1 molecule of H,.+1 molecule of Cl=2 molecules of HCl, 
hence 


1 volume of H+1 volume of Cl=2 volumes of HCl (hydrochloric acid). 
(c) Combustion of H to water vapor: 


2 molecules of H,+1 molecule of O,=2 molecules of H,O, 
therefore 


2 volumes of H+1 volume of O=2 volumes of H,O. 
(d) Combination of C and H to form methane, CH,: 


1 molecule of C,+4 molecules of H,=2 molecules of CHy,. 
therefore 


1 volume of C+4 volumes of H=2 volumes of CH,. 


The term atomic heat means the product of the specific heat of an element by its 
atomic weight. The atomic heat is a nearly constant quantity, having about the same 
numerical value (6.0 to 6.5) for all of the elements. It follows from this that equal 
numbers of atoms require the same quantity of heat to raise the temperature the 
same amount. Diffusion is not a chemical combination but is simply the process by 
which the molecules of liquids or gaseous bodies form perfectly uniform mixtures, 
there being no chemical reaction of the elements (or molecules) upon each other. 
In atmospheric air for instance we find diffused nitrogen and oxygen. Air is therefore 
not a chemical compound. Diffusion of gases is unlimited, as long as the gases do 
not react chemically, but it takes place in different gases with varying rapidity. 
The measure of the power of diffusion is called the diffusion coefficient, which represents 
the “diffusion length,” that is, the distance traveled by one gas in another in one 
second. The experimental data available on this point is rather scarce and somewhat 
unreliable as far as practice, as distinguished from laboratory work, is concerned. 
Thus for carbon dioxide and air at 32° and 29.92” Hg., various tests show the 
diffusion coefficient to vary from .053 to .059 in. per second. In general, the lower 
the density of the gases and the greater the mobility of the molecules, the more 
rapid the diffusion. For that reason an increase of temperature and mechanical 
agitation will aid the process, while compressing the gas retards it on account of the 
increase in density. According to the investigations of Loschmidt, the diffusion 
coefficient varies inversely as the density (pressure) cf the gases and nearly directly 
as the square cf the absolute temperatures.! In compressing a gas, however, although 
the increase of presssure decreases the diffusion coefficient, the simultaneous decrease 
of volume decreases the diffusion distance in the same ratio and hence the latter effect 
balances the former. The result therefore is that pressure or density has no influence 
upon the diffusing power of gases. 





1 Meyer, Kinetische Theorie der Gase, p. 250. 
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It has been shown that the relative proportion of the gases in the mixture has 
no sensible influence upon the diffusion process. 

The field of every chemical action is limited by an upper and a lower tempera- 
ture. Hither above the upper limit or below the lower limit, chemical reaction ceases, 
and the combinations formed decompose into their constituents, at least above the 
upper limit. This decomposition process, which thus depends upon the temperature, 
is known as dissociation, and the temperature at which it makes its appearance is 
called the dissociation limit. At temperatures exceeding 3600° F., for instance, water 
vapor (H2O) breaks up into hydrogen and oxygen, and carbon dioxide into carbon 
monoxide and oxygen. Since the development of heat in an internal-combustion engine 
is the result of chemical reaction, it follows that the combustion temperatures of the 
mixtures must not be allowed to exceed the upper dissociation limit, otherwise the 
development of heat would be interrupted at the upper limit until the temperature has 
again fallen below it. An increase of pressure usually raises the upper dissociation 
limit, a drop of pressure consequently lowers it. 

Every combination of oxygen with other elements is known by the general term 
oxidation, and is generally accompanied by a decomposition, development of heat, or 
other phenomena. The most important oxidation process is combustion. The reverse 
process, that is, the extraction of oxygen from oxygen compounds, is known as 
reduction. While oxidation produces heat, reduction absorbs it. Among the practical 
reducing agents are carbon, hydrogen, certain hydrocarbon compounds, etc. Carbon 
(C) for instance, is oxidized to CO2g (carbon dioxide). If now the CO: formed is 
led through an incandescent layer of carbon, it is reduced according to the equation 
C+CO2=2CO (carbon monoxide). These alternate actions are of the greatest import- 
ance in the production of producer gas (see p. 593). 

4, Combustion. Most chemical reactions are accompanied by a development of 
heat, although this may not be easily noticeable in some cases. During the combina- 
tion of oxygen with certain related elements, however, notably hydrogen and carbon, 
the accompanying chemical energy is so completely transformed into heat that the 
materials concerned either glow or ignite, thus making the process visible to the eye 
and perceptible to the touch. This phenomenon is known as combustion. Oxygen 
combinations of this kind only form in definite atomic or weight ratios, which may be 
expressed by chemical equations as follows: 


H,+O=H,0, that is, two atoms of hydrogen combine with one atom of oxygen to form 
one molecule of water vapor containing three ‘atoms. 

C+02=COs, that is, one atom of carbon combines with two of oxygen to form one mole- 
cule of carbon dioxide containing three atoms. 

C+0O=CO, that is, one atom of carbon combines with one of oxygen to form one mole- 
cule of carbon monoxide containing two atoms. 


After substituting the atomic weight for the atomic number (see table 146, p. 581) in 


above relation, these may be written: 


2 lbs. of H+16 lbs. of O=18 lbs. of H2O ; 
‘ht of HO is theref 2 
1 lb. of H+ 8 lbs. of O= 9 lbs. of HO } Molecular weight of H2O is theretore m=18 


12 Ibs. of C+32 lbs. of O=44 Ibs. of COz | : ; 
eh heref = 
L Ib. of C44 Ibs. of 0=3.666 lbs.of CO2 f Molecular weight of COzg is therefore m=44 


12 Ibe. of ©C-+-loOubsof O=28 Ibs..of CO. | . : = 
1 lb. of C+44 lbs. of 0=2.333 lbs. of CO j Molecular weight of CO is therefore m=28 
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The combustible elements are not usually available in the pure form, but are 
found in combinations or mixed with other and indifferent elements. 

In order to start combustion there is required a certain minimum temperature 
known as the ignition temperature. The latter may be produced chemically (by means 
of glowing or flaming materials, etc.) or mechanically (by means of pressure, friction, 
etc.). The temperature of ignition for any given element apparently varies with 
attendant circumstances, and is therefore not definitely fixed. For hydrogen it is 
about 1020° F. and for methane and carbon monoxide in the neighborhood of 1200° 
F. The ignition temperature for carbon seems to be about midway between these 
values. The low ignition temperature of hydrogen explains why gas engine fuel 
mixtures high in hydrogen can stand only a moderate compression. The combustion 
temperature is of course much higher than the ignition temperature, although the former, 
on account of the interruption of the process of oxidation caused by dissociation, 
practically never reaches the theoretically possible value. Hydrogen gas, for instance, 
if burned in pure oxygen without dissociation, would show a combustion temperature 
of from 11700 to 12600° F., while carbon under the same conditions would even 
reach 18000° F. In an actual case, on the other hand, neither combustion, on account 
of dissociation, shows much over 3600° F. In general, a non-luminous flame burns 
at considerably higher temperature than one that is luminous. The reason for this is 
found in the heat consumed by the solid, carbonaceous particles which give the light 
in the flame, and their incomplete combustion. A non-luminous flame is produced 
when the fuel gas before its ignition is furnished with so much air (oxygen) that its 
combustion is instantaneous and complete (Bunsen burner). 

The quantity of heat which one pound of the combustible produces during the 
union with oxygen is called the heating value and differs considerably for the various 
fuels. Thus one pound of hydrogen, when completely burned, will develop 62 000 
B.T.U., one pound of carbon 14 544 B.T.U., and one pound of sulphur 3966 B.T.U. 

A fuel is burned completely when in the oxidation process all carbon is changed 
to carbon dioxide, all hydrogen to water vapor, and all sulphur to sulphur dioxide. 
If the combustion does not attain this “ maximum degree of oxidation”? the heat 
developed may be considerably less. Thus carbon, when burned to carbon monoxide 
instead of carbon dioxide, develops only 4446 B.T.U. per lb. Chemically this inter- 
relation between heat of combustion and degree of oxidation is indicated as follows: 


H2,+O=H,20 (liquid) +68.90 cal. per gr.-mol. or 61520 B.T.U. per lb. 
C+02=CO2 +96.96 a of 14544 es 
C+0O =CO + 29.56 os Wy 4446 ae 


Any combustion is proved complete when the products of combustion, both solid 
and gaseous, show no combustible or unburned constituents. Since in gas engines only 
gaseous fuels (hydrogen, carbon monoxide, and hydrocarbon compounds) are burned, 
not in oxygen, but in air, the exhaust gas must consist of carbon dioxide, water 
vapor, nitrogen, and excess oxygen. 

Theoretically one atom of C requires two atoms of O for its complete combustion, 
while one atom of H only requires one-half atom of O. The theoretically least amount 
of oxygen required to completely burn one pound of each combustible may then be 
found from the atomic weights as follows: 
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For Carbon, C For Hydrogen, H 
m2 IE Ss. OX 16 
G =F9 32.667 Ibs., ONiretar mess Ibs. 


Since one pound of air contains .235 pound of oxygen, the least amount of air 
required for the complete combustion of Cy and Hz will be 








2.667 
Gi= 935 = i385 lbs. for €. 
8 
and Gi=—=>> = 34.04 lbs. for H. 
290) 


If the fuel does not consist of a single element as above, but is composed of 
combinations of the fuel gases mentioned, or combinations of these with other gases, each 
of the latter must be considered in computing the necessary oxygen or air required 
according to its atomic weight e, or its atomic number n. Thus one pound of a gas 
having the composition (C,,H,,,0,,N,,,) would require a weight of oxygen equal to 


14 





gue Zest S263 —nze3_ 32n4 +8n2 —16n3 me. (7) 
m m 

in which m is the molecular weight of the gas. The burned gases resulting from 

the complete combustion of this gas will consist of 


n1(€1+2e3) 44n 
m m 


k =e: Of © Opa ame” Clee h ee gre nr (8) 








ne (és ae .5e3) 
w= = 
m 





and 772 Ibs. of H20, Rie hale See 1, 


together with the nitrogen and the excess of oxygen in the air used for combustion, 
both of which remain uncombined. By means of these equations the data of Table 
147 for the main constituents of illuminating gas has been computed.! The average 
illuminating gas quoted in the last row of the table has the following composition by 
By use of the columns for s, k and w, in this table, the theoretical amount 
of oxygen required by an illuminating gas, each pound of which contains say 
G, lbs. CHy, Ge lbs. CoH, G3 lbs. CaHg,..., may be directly found by substituting in 
the formula 
Oxvoen— 2 (Gs) GUN wems 2 Is clean oy | camel O) 


Similarly, carbon dioxide and water vapor contained in the burned gas may be 
determined from 


Carbon dioxide—=2. (Gk) pounds i. mice sy as eee. 2 CL) 


and Water vapor 2(Gi)) pounds. i.) 5) 9.5 2 oe ot cere (Ee) 


1 Mainly following Zeuner, Thermodynamik, 2d ed., I., p. 398. 
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TABLE 147 


COMBUSTION DATA FOR THE PRINCIPAL GASES 




















Lower Heating Theoretically Required. a Brees of Specific Heat of (ene 
Value, H,, rer ib. otleas Contain the Gas Constant 
ea VOT 7 
Kind of Gas, (s) 
per lb., /percu.ft.,| per lb.,| per lb. |percu.ft., ae se P ‘ 
(k) | (w) P ¢ a 
Bien) Bae lbs. lbs. cu.ft. lbs. lbs. 
Hydrogen, 186 51696 289 | 8.0 34.0 Merci eae: {i Oa) 3.409 | 2.412 | 770.2 
Nitrogen, N, Beior Sear ee re sae ees lisence. ees 244 .173 | 55.08 
Carbon monoxide, CO 4334 338 £00 2.42 Phetatsr | Wea | ses .245 174 55.21 
Methane, CH, 21385 952 | 4.00 | 17.00 9°52 I Qala 2225 .593 .468 96 .47 
Ethylene, C,H, 20025 1584 | 3.48 | 14.55 | 14.29 | 3.14 | 1.29 404 7000 DOLL 
Butylene, (Crile 19508 | 3055 | 3.438 | 14.55 | 28.25 | 3.14 | 1.29 404 333 2 com 
Average illuminating gas * | 18200 700 | 3.26 | 13.85 | 6.66 | 2.29 | 1.90 .619 .473 | 110.87 





























* This average quality of illuminating gas is much better than that found in the United States, where 
the average B.T.U. per cubic foot is about 575. 


According to the so-called combination formule, one pound of fuel, consisting of 
C pounds of carbon, H pounds of hydrogen, O pounds of oxygen, and § pounds of 
sulphur, theoretically requires for its complete combustion 


80+8H+S—O 
98 


§C+8H+S8—0O 
0187 





lb., 





CULfbOl alts «cl hy eo) 


Tf the resulting products of combustion consist of k% carbon dioxide, s% oxygen, 
and n% nitrogen, by volume, the ratio of the air actually used to that theoretically 
required will be 


Air excess coefficient =————_-.  . . ..... . (14) 


Di =e) 
n 


If instead of the weight per cent, the volume per cent composition of a hydrocarbon 
compound C©,,H,, is given, one cubic foot of the gas will require 


Ff 
e-(m+") cu.ft: Of OXV Gens Sb aie. fay ele een eee 


Example. The derivation and use of (15) is best explained by a problem. Suppose that 
the given hydrocarbon gas is C,H, This makes n,=2 and n,=4. The gas may be considered 
made up as follows: 


C,+2H,=CH,, 


1 volume of C+2 volumes of H=1 volume of C,H,, 


hence the combustion of 1 cu.ft. of C,H, may be considered equivalent to the combustion of 
1 cu.ft. of C (gas) and of 2 cu.ft. of H. 
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(a) Combustion of 1 cu.ft. of C: 
C, ate 20, —= 260; 


1 volume of C+2 volumes of O=2 volumes of CO,, 
hence 1 cu.ft. of C requires 2 cu.ft. of O. 
(2) Combustion of 2 cu.ft. of H: 
2H,+0,=2H,0, 


2 volumes of H+1 volume of O=2 volumes of H,0, 


hence 2 cu.ft. of H require 1 cu.ft of O. 
The combustion of 1 cu.ft. of C,H, then requires 


6=2+1=3= (+7) cu.ft. of oxygen, 


which proves eq. (15). 


From eq. (15) air required for the combustion will then be 


Bik 
213 


Ge 


= 4.605(m +"2) CaN = ail mo ick « Pa Woe PCIE) 


The combustion formula for this gas will read 


Gaia (x +%2)0=n,00, +77 HL0, 


or put into words: One volume of Cr,Hn, will burn with (m+%2) volumes of oxygen to 


ne 
form n;, volumes of CO», and i volumes of H2O, water vapor. 


A 2 7 ne c ‘ 
The method of determining the numerical factors n,; and oe for carbon dioxide and 


water vapor in the above statement will be clear from the example above given. 

Finally, as a general case, suppose another gas has the following composition by 
volume, the letter x with the proper subscript representing the percent by volume 
of the particular gas. Let the composition be 


21CO + 29H +a3CHy + 24C2H4+2;CoHe +47,02+277No+2gCO2 +%gH20=1 cu.ft. © 
Then the amount of oxygen theoretically required by one cubic foot of this gas will be, 
6= | 25 + 2s + Bx $2.50 —6| GUE: ca Feb oe RE i ae ee) 
As before, the air theoretically required per cubie foot of gas will be 


$a 4.6956=4.695[ S24 21a +8r442.525— | IRs oe ale 
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If now 2 cubic feet of air are actually supplied per cubic foot of gas burned 
(2’>), the products of combustion resulting will be 


COs = [21+ 29+ 2ag4+ Qa -F vg) Cu ftes ee be eee es ee 
H2O = [We + 2%3 +204 +25 +9] Cutts Sa Gn bens ee se ne 
N=[.792' +47] cu.ft; O=[ 2122 Si eusttiw sees eds 5 ee 


These equations represent the cubic feet of burned gases actually produced per 
cubic foot of fuel gas. The results may be easily reduced to per cent composition by 
volume if desired. 

The total volume of burned gases, reduced to the original pressure and temperature 
is usually smaller, never greater, than the original volume of the gases before com- 
bustion. The same holds true concerning the number of molecules before and after 
combustion. Contraction therefore occurs. For a gas of the general formula C,H, 
the amount of contraction, according to Mollier, may be expressed by 


4v=(1-4) parts by volume, Sy Se cole Gate Ba ene 


while for the second and more complex composition above given it is approximately 
equal to 


=O +H.+Co2He 


AV 9 


parts by volume. . 92 2 2 3 oe@im 





It is here assumed that the water in the products of combustion really escapes in the 
shape of vapor, which is of course always the case in gas engines. 

In this connection it should be noted that the heating value of a fuel containing 
hydrogen depends upon the final condition of the water vapor (water of combustion) 
concerned in the combustion. If the burned gases leave at a temperature exceeding 
212° the water vapor carries with it, and renders unavailable as far as any attempt 
at. utilization is concerned, the latent heat of vaporization. The heat of combustion 
developed is thus reduced to the so-called lower heating value (H,). If on the other 
hand the products of combustion before escaping are brought to a temperature below 
212°, the water vapor is condensed during the time that the heat is being abstracted 
(used) and the latent heat of vaporization thus returned increases the available heat 
of combustion to the higher heating value (Ho). Since one pound of water vapor 
under average conditions, say when cooled to 65° F., gives up about 1100 B.T.U., 
the difference between these two heating values amounts to 


Hy Hye 11000 a, 2 eee eee 


in which w is the weight of water resulting from the combustion of 1 lb. or 1 cu.ft. 
of fuel. 

As far as gas engine practice is concerned, the lower heating value is always the 
one used, because the latent heat of the water vapor does not become available for 
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transformation into work except at lower temperatures, and its value for this purpose 
is consequently small.! 

To compute the heating value of solid and liquid fuels the following combination 
formula (DuLong’s formula), with certain restrictions applicable also to gases, may be 
used. 


Ay= | 14500 C +52200 (1 -F) +45008 —110011,0 | BT. Usper- pound: +. "-@3) 


In this equation, C, H, O, and S represent the part by weight of the elements 
mentioned, while HzO is the water contained originally in 1 lb. of the fuel. 

Tf 1lb. or 1 cu.ft. of a gas mixture consists of t, te, t3 parts by weight or 
by volume of the individual gases and the heating values of these gases are 
H,, Ho, H3..., respectively, the heating value of 1 lb. or 1 cu.ft. of the mixture will 
be expressed by 

B= CEE Dey hu a. see ne (24) 


If a fuel gas having a heating value of H B.T.U. is mixed with 1 parts by 
weight or by volume of air, the heating value of the resulting mixture will be 


h=o Bae U. per Ib cotaperecett.u a oe) is iss 5 cs 6) C25) 


The fuels in common use in gas-engine practice consist very largely of the hydro- 
carbon groups CyHany2 or CnHon. The heating value of such combinations is very 
simply determined from the heating values of their constituents C and H. The 
compound C,H, consists of n atoms of C and n atoms of H. Since the atomic 
weight of C is 12 and of H is 1, we may say that one pound-molecule of C,H, 
weighs 12n+n=13n lbs. Now 1 lb. of C will develop 14500 B.T.U., and 1 |b. of 
H, 52500 B.T.U. Hence the heating value of the combination will be 


_ (12 14500)n+ (1 X52200)n (174000 +52200)n 
(12+1)n 13n 





H, 17400. B.T.U. perlb:. . =. (6) 





It will be noted that the atom number finally cancels out, so that every hydro- 
carbon compound of the form C,H» will develop 17400 B.T.U. per lb. Since in this 
case the molecular weight of the combination is 13n, the weight of a cu.ft. of CnHn 
will be 

13n 


1= 359.17 lbs. 


and the heating value of CnHn is consequently also 


13n 
= ———— we On aLUe 
Jabh 17400 X 35047 632n B.T.U. per cu.ft 


Example. For benzol (C,H,), ~=6, hence the heating value is 17400 B.T.U. per lb., or 
632 X6 =3792 B.TU. per cu.ft. 


1This particular point was for a long time a much discussed question. See the thorough treatment 
given by E. Meyer in the Z. d. V. D. L., 1899, p. 326, ete., also same, 1903, p. 632. 
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In the same way the heating values of the heavy hydrocarbons C,H2, may be 
computed. In this case there are two atoms of H for every atom of C in the 
combination. Hence the pound-molecule weighs 12n+2n=14n lbs. Proceeding as above 
for CrH,, we finally get for C,Hon 


H,=19 880 BYIU. per Ibss =e ec 6 eee 


12 : 
and Hu= 19880 X a53 4g = 7780 BTU. per/eutt;\ se) Wosen) So eee Seem 


(Note. It should be distinctly stated that the heating values for the hydrocarbons 
computed as above do not in many cases agree with calorimetric determinations, as 
may be seen from the table following. ‘The reason probably is that the above formulas 
do not, and can not, take into account the molecular energy interchanges that must 
take place in the combustion of one of these complex compounds. It is in all cases 
advisable, no matter what the fuel may be, to make calorimetric determinations of 
heating value.) 

In his “ Kalorimetrische Untersuchungen,” Slaby gives the following formula for 
the computation of the heating value of heavy hydrocarbons. This formula in English 
units reads 

He =(1124-188807] BUS pereustt... Sige 4) “en 


in which the atom number n is replaced. by 7, the weight of a standard cubic foot 
of the hydrocarbon under consideration. Since 


oe AL lbs 
UPC a arene 


where m is the molecular weight of the gas, we may also write 
Hy=[1124-52.8m] B.T.U., per et.ft. S,  . 2 ee 


This formula not only applies to the individual hydrocarbons, but, with an error 
which does not exceed from .5 to 1%, also to mixtures of the same (as illuminating 
gas), when the latter contain at least 4% of hydrocarbons, have a heating value of at 
least 550 B.T.U. per cu.ft., and when the value of 7 is quite accurately known. Table 148 
shows how close Slaby’s formula approximates to true results. 

5. Distillation and Gasification. The conversion of the solid into gaseous fuels 
is done either in retorts or in special furnaces, called generators or producers.! In the 
first case the fuel is subject to distillation only, those of the hydrocarbons which can 
be vaporized being driven off together with the water at temperatures ranging from 
900 to 1100° F., the fixed carbon remaining behind. This method (dry distillation) 
is the basis of the manufacture of illuminating gas, see Part IV, p. 514. In the 
discussion following, this gas need be no further considered since the consumer obtains 
it as a finished product from the manufacturer. On the other hand the construction 
and use of suitable power gas generators belongs strictly to the province of the gas- 
engine builder. 


1 Concerning the construction of gas-making apparatus, see p. 269, Part II. 
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TABLE 148 
HEATING VALUE OF VARIOUS HYDROCARBONS 
. . Heating Value per 
Weight in Ve Val at ke Fours. 1 cube Foot, ye 
Gable Foot | Density, | racuding | compenese oa Eg. (280), 
Name of Gas at 322 Fr. oA 10: Waren of fo ipound Water of Combustion B.T.U., 
and 14.7 lbs. of Com- of Gas. 
bustion, B.T.U. 
B.T#U. Ben sus Baru. 
T ) A, Hy Hy | Hy Hy 
| 
ELydro gency nycasns - H, .00559 .0692 61520 9824 51696 289 ste 
Methanes car. CH, .04464 .5530 23842 2457 | 21385 952 957 
Acetylene......... CoH 07251 .8982 21429 756 20673 1499 1487 
Kthylene.......... C,H, .07809 .9674 21429 1404 | 20025 1584 1590 
DA een ays ee oases hence C,H,|  .08329 1.0367 22399 1966 | 20433 1682 1696 
IAL VAGNE sce.) Faces rs 5 Calabi allay 1.3819 20992 983 | 20009 2238 2244 
Propylene..2 «=. C,;H,| .11699 1.4512 21224 1404 | 19820 2318 2330 
Propanesners on] a Cache 2256 1.5204 21825 1786 | 20039 2424 2435 
Butylenens ac sie. C,H,) .15599 1.9349 20912 1404 | 19508 3055 3069 























The manufacture of power gas in generators also commences with a distillation 
of the solid fuels, but it soon changes from this directly into a gasification process 
which consumes the fixed carbon of the fuel, and all of the fuel is converted into gas 
with the exception of some incombustible ingredients (ash, clinker, etc.). In the 
combustion processes so far discussed, the combustion was assumed complete, that. is, 
the resulting gas contained no combustible constituents. On the other hand, the gas 
made in gas producers must be a combustible gas, which first makes it necessary by 
some means or other (proper height of fuel column, right temperature, regulating the 
quantity of air introduced) to render the combustion process incomplete, that is, for 
instance, to burn the carbon to carbon monoxide instead of to carbon dioxide. If 
only carbon and air are concerned in the gasification process, the resulting air gas! 
can theoretically contain only carbon monoxide and the nitrogen of the air. According 
to p. 586, 1 lb. of carbon burned to COzg develops 14544 B.T.U., but only 4446 B.T.U. 
when burned to CO. The carbon monoxide gas produced therefore contains theoret- 
ically 14544—4446=10098 B.T.U. per lb. of carbon gasified. This amounts to 69.5% 
of the heating value of the combustion of the solid C to CO». The remaining 30.5% 
are to be found in the sensible heat of the gas as it leaves the producer, and is lost 
if the gas must be cooled before utilization. In this case the maximum _ possible 
theoretical efficiency of the process is therefore 69.5%. It will be shown below that 
other methods of gasification show higher efficiencies than this, for which reason air 
gas is used in engines only when it can be had at a very little cost as a by-product 
from other manufacturing processes (blast-furnace gas, for instance). 

The chemical equations of the air gas process, according to p. 585, may be 
written as follows: 


C+0.=C0.+96.96 cal. per gr. mol. =14544 B.T.U. per lb. of C 
C+0 =CO +29.56 ‘' e = 4446 © A C 








CO+0=C02+67.40 ‘‘ Sal = LO ORS ES - C 


1 Other names, such as “generator gas,’’ have been used for this gas, but the term “air gas’’ is most 


suitable because it draws the distinction sharply between the carbon monoxide gas on the one hand and 
producer gas proper and water gas on the other, which are also made in generators or producers. 
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The combustion of 1 lb. of C to CO, according to p. 585, requires. 1.33 lbs. of O, 
according to which 1 lb. of CO gas will develop during combustion 10098 + (1 + 1.33) =4334 
B.T.U. The specific weight 7 of the gas is, from Table 146, .0781 lb., hence 1 cu.ft: 
of the theoretical air gas has a heating value of .07814834=338 B.T.U. 

Now, in reality, the air gas process is not carried through with oxygen but with 


air, the gasification of 1 lb. of C requiring in theory 133 = 5.67 Ibs. of air. The total 


weight of gas produced per pound of C will then be 6.67 lbs. The amount of nitrogen 
present is 5.67 —1.33=4.34 lbs., which is diffused through the 2.33 lbs. of CO formed 


during the combustion. Hence for every pound of CO there will be aos = 1.86 Ibs. of 
: : ; 1 : 

N, and 1 lb. of air gas will then consist of TLo+1.86 "2° lb.=35% of combustible 

carbon monoxide and ao 08 lb.=65% of non-combustible nitrogen. Since the 


densities of N and CO are very nearly alike, the same percentages express also the 
volume composition. The heating value of 1 lb. of this gas, since it contains 35% of 
CO, will be, .854334=1516 B.T.U. One cubic foot of air gas will weigh .35x.0781+ 


.65 X .0783 = .07823 Ib.; 1 lb. of C consequently produces Free 853 cu.ft. of this gas. 


In the production of ‘‘ water gas’? the sensible heat of the gas, which is lost in 
the production of air gas, is largely saved by converting it into latent heat, that is, 
utilizing it in the production of a second combustible gas. For this purpose the coal 
or coke column in a water gas generator is alternately blown into incandescence by 
means of air and then cooled down by passing steam through it. During the ‘ blow ” 
the carbon in the charge is by means of the oxygen in the air burned very largely 
to CO, and the temperature is constantly increasing; during the “‘ make,” water vapor 
replaces air and the former, in passing through the incandescent carbon, splits up into 
hydrogen and oxygen. The oxygen set free combines with C to form CO, but the 
latter, when the temperature is sufficiently high (above 1260° F.) is almost immediately 
reduced to CO. The reducing process consumes a large part of the generator heat 
available at the start of the make, and the temperature constantly falls. This heat 
is then returned by a new blowing period, bringing the temperature again up to the 
maximum. The water gas process is therefore carried on with constant interruptions, 
the blowing periods usually taking much more time than the period of gas making 
proper. 

The higher the generator temperature at which the process is carried on, the 
greater the content of CO, and the smaller that of CO in the resulting gas. Below 
from 1000 to 1250° F. the decomposition of H2O with C takes place mainly according 
to the formula 


C+2H,0=COs+2Hs, 


but as the temperature increases, CO commences to outweigh COz, and above 1800° F.. 
the only reaction occurring is probably 


C+H20=CO+Hp2. 
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According to the last equation, a given volume of the theoretically perfect 


(synthetic) water gas therefore consists half of carbon monoxide and half of hydrogen. 
The weight ratio may be determined from the molecular weights as follows: 


1b. of C +5 Ibs. of H20=2.333 Ibs. of CO+.166 Ib. of He, 


.166 


or 1 lb. of water gas contains 3.333 4.166 00% lb. of hydrogen, 
2.333 
and 3333 4.106 ~ 9°? lb. of carbon monoxide. 


The most unfavorable condition that can exist at the end of a gas-making period 
is defined by the following equations: 


1 Ib. of C-+50 Ib. of H20=3.666 Ibs. of CO. +.333 Ibs. of Hs, 


333 te é 

or 1 lb. of water gas contains 3666 13337 .0825 lb. of hydrogen, 
3.666 ae 

and 3 666 4.333 =.9175 lb. of carbon dioxide. 


The amount of heat rendered latent during the decomposition process may be found 
from 


C+H.0=CO+ He —38.78 cal. per gr. mol.=5800 B.T.U. per lb. of C, 
in which it is for the present assumed that the water enters the generator already in 


the form of steam. The theoretically perfect water gas has the following heating 
value: . 





DienbOn © Omenrrorectrnsrreueiona. so wth Zoo es NO Wil) 1.56, 10 
IDE ey 1B Lee bn ght cles Bic ere BLOOD <OlPo ZO 02127 
ROL EE aS a TS Mera ce oe ede e ae on anie 20322 


Heat supplied during blowing period (rendered latent) 5800 ‘‘ 





Ditteuence— hea tulne leon Ot O=— seh cance cadeeansn ae 14522 ee 


The latter item should have been exactly the heating value of C (14544 B.T.U.), 
since the process is theoretically without loss. The discrepancy, however, amounts to 
less than 3% of 1%, and is probably due to various approximations in the computation. 

In practical operation, the efficiency obtained in the water gas generator is only 
from 50 to 60%, the remainder is lost in the sensible heat carried away by the gases 

during the blow, through incomplete combustion, radiation, etc. Efficient generators 
“of moderate size produce about 32 cu.ft. of gas per lb. of C (coke) gasified, and from 
about 24 to 29 cu.ft. per lb. of good coal. 

The generation of 1 cu.ft. of water gas consequently requires from .042 to .035 lb. 
of coal. The amount of water used is theoretically about .025 lb. per cu.ft. of gas; 
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in practice, however, the amount used is considerably greater. The average composition 
of the commercial water gas is in volume per cent as follows: 


50% H, 40% CO, 5% COe and 5% N; H.~280 B.T.U. per cu.ft. 


Weight per cu.ft., y=.044; theoretical air required for combustion is 2.45 cu.ft. 
per cu.ft. 

The Delwick-Fleischer method of making water gas differs from the common 
method in that during the blowing-up period the gas mad is largely carbon dioxide, 
not carbon monoxide. As a consequence the carbon is burned completely and a 
greater quantity of heat is stored up for the decomposition of water. This permits 
of a longer gas making period, and the process is less often interrupted. 

The method of making “power or producer gas’! is a combination of the air 
gas and water gas processes. As the name indicates, the gas is mostly used for the 
production of power in gas engines. It is made by sending a certain quantity of 
water vapor along with the air through the incandescent column of coal or coke in 
the generator, in which case the oxidizing and reducing actions above discussed, 
between carbon and oxygen on the one hand and between steam and carbon on the 
other, take place practically at the same time. The final product of this process 
must theoretically again consist of carbon monoxide, hydrogen, and nitrogen. The 
introduction into the generator of air and steam combined possesses two main 
advantages. In the first place it serves to bind very largely (render latent) the 
sensible heat of the combustion products, thus raising the efficiency of the generator, 
and, second, permits of uninterrupted operation of the producer. The air, being 
admitted along with the steam, supports the combustion to such a degree, that is, 
keeps the temperature of the producer at such a point that the heat consumed in 
the decomposition of the water vapor is immediately replaced. 

The individual actions and reactions developed above for air gas and water gas 
of course apply directly to the manufacture of producer gas. In order to avoid 
repetition, however, Table 149, published by H. Gerdes,? is given. This table shows 
in concise form all of the fundamental chemical relations concerned in the process of 
making producer gas, and by this arrangement gives a clear insight into what takes 
place. 

In actual practice the composition of the power gas is somewhat different from 
the values developed in the table, mainly because the theoretical ratio between C 
and H:O is not maintained, a part of the C entering into other combinations. In 
the best practice there are obtained about 75 cu.ft. of power gas having a heating 
value of 146 B.T.U. per cu.ft. from 1 lb. of coal, the heating value of which is about 
14000 B.T.U. This corresponds to a generator efficiency of about 78 to 80%. By 
means of recovering or more efficiently utilizing the sensible heat of the gases, which 
at present very largely accounts for the 20% lost, this generator efficiency may be 
raised by from 5 to 10%. 





1 This gas also bears the name “ Dowson”’ gas, but with little justice, since the English engineer, Dowson, 
merely developed the first successful scrubbers for the gas, the method of production for which was well 
known before that time. 

* Glaser’s Annalen, 1902, No. 590. 


3 A more detailed exposition of the theory of the production of power gas is given by Prof. E. Meyer 


in the Z. d. V. D. I., 1895, p. 1524. This investigation of the process is worthy of note for its theoretical 
treatment. 
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“TABLE 149 
FUNDAMENTAL CHEMICAL RELATIONS CONCERNED IN THE MAKING OF PRODUCER GAS 











Volume Relations, Cubic 
Feet of Gas Concerned in 


Weight Relations. Reval the Reaction. 
iS. 
| 


Hz | CO | CO2| Ne | Total 











Cc + H2O = CO + He 
d. Water-gas.....<; La 18 = 28 + 2 =/ 30 358 | 358] .. oe 716| Hence 30 lbs. of C produce 
+51840— 10: 630 2576 cu.ft. of producer 
Se ee gas consisting of: 
— 51840 B.T.U. 
13.9% of He 
C= Or N =CO+ N 27.8% of CO 
2 AMT PAR pete steln ere 12+ 16 + 16 XK 3.24 = 28 + 51.8=| 79.8) .. |358/| <. | 661| 1019 6.9% of CO2 
+51840 B.T.U. 51.4% of Ne 
1 and 2 together. |24 lbs. of C+ 18 lbs. of H20 +67.8 lbs. of air=|109.8| 358| 716| .. | 661] 1736] 1 lb. of C therefore pro- 
= 840 cu.ft of air duces 85.9 cu.ft. of pro- 
ducer gas of an average 
3. To replace heat BC+) OF N = 4CO2+ N | heating value 135 B.T.U. 
losses (assumed) 6+ 16 + 16 X 3.24= 22 + 51.8 =| 72.8) .. .. |179| 661); 840] per cu.ft, 








Bum Ts marae. 30 lbs. of C+ 18 lbs. of H2O + 135.6 lbs. of air =|182.6} 358 | 716 | 179 |1322| 2576 
= 1680.3 cu.ft. of air 





























The fuel used in practice is not pure carbon, but the latter is contaminated with 
earthy admixtures, sulphur, etc. In making computations on any gasification process, 
this fact must therefore be allowed for either by using the correct C-percentage in 
the fuel at the outset, or by multiplying the results obtained for pure C by a factor 
which expresses the percentage of pure C in the fuel used. The impurities in the 
fuel also have a certain effect upon the composition of the gas, increasing the 
proportion of incombustible gases. Among the latter will always be found several per 
cent of carbon dioxide (see p. 520), produced mainly owing to temperature variation 
in the producer (see p. 600). 

The average composition, volume-per-cent, of commercial power gas is about 23% 
CO, 18% H, 1% CHa, 6% COs, 52% N. The lower heating value of the gas is about 
H,~140 B.T.U. per cu.ft., the weight per cu.ft. ;=.0789 lb., while the air theoretically 
required for combustion is 1.1 cu.ft. per cu.ft. 

The ratio of the heating values of the individual gases in a cubic foot of the average 
producer gas above given to the total heating value of the cu.ft. is as follows, from 


Table 147. 
For CO, heating value=.23 X338=77.8 B.T.U.=56.5% of H, 
For H, heating value=.18 X289=52.0 B.T.U.=37.0% of H,, 
For CH4, heating value=.01 X952= 9.5 B.T.U.= 6.5% of H,,. 


It is evident that the hydrogen content has an important influence upon the 
heating value cf producer gas. In the case of gas made from hard coal especially, 
the hydrogen content often accounts for more than one-half of the total heating 
value (see Table 124, p. 520). It is consequently of advantage thermally to introduce 
considerable water along with the air, as has already been pointed out on pages 269 
and 520, as long as the percentage of H in the gas is not high enough to cause 
trouble through pre-ignition. A second reason for limiting the amount of water used 
is found in the producer itself in that, since the decomposition of water requires heat, 
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there is a tendency to lower the temperature of the generator, which favors the 
formation of the undesirable carbon dioxide (see p. 600). In general, therefore, we 
find that the higher the percentage of hydrogen in a producer gas, the higher also 
that of carbon dioxide. 

The most efficient hydrogen content is found between 20 and 25%, but it is also 
found that with this percentage only few engines run smoothly. In most engines 
violent explosions and knocking in the crank mechanism usually compel a reduction 
in the water supplied to the generator long before the most efficient percentage of 
H in the gas is reached. The upper limit of water used by the producer is thus 
evidently set in most cases by the amount of hydrogen the engine can stand under 
full load. 

Concerning the quantity of impurities, such as tar, carried by producer gas, a 
point of prime importance in the operation of engines, it is difficult to give any 
numerical data. Only a direct examination of coal or gas can give any reliable 
information regarding the subject. 

The best German hard coals (Rhenish, having on the average 14400 B.T.U. per 
lb.) according to a number of analyses, form from .12 to .15% of tar, that is from 
.0012 to .0015 lb. per lb. of coal. Assuming that the gas yield per lb. of coal 
averages 75 cu.ft., this would correspond to a tar content of from .016 to .020 lb. 
of tar per 1000 cu.ft. of raw gas. Thorough washing reduces this to from .003 to 
.006 lb. of tar per 1000 cu.ft., and careful wet and dry purification (in sawdust 
purifiers), may bring it down to .0003 lb. or even less per 1000 cu.ft. 

The raw gas from bituminous coals is of course much more impure, that is, it 
carries more tar. Thus, for instance, a sample of gas (composition in volume-per-cent, 
CO2.=1.0, C,H,=.4, O2=0, CO=31.5, CH4=2.5, H=11.8, N=52.8, heating value=176 
B.T.U. per cu.ft.), made from an average sample of soft coal (1~12600 B.T.U.) 
contained in the raw state from 1.27 to 1.45 lbs. of tar per 1000 cu.ft. of gas. After 
a thorough scrubbing in a special washer this was reduced to .006 lb. per 1000 cu.ft., 
which about corresponds to what is found in washed anthracite gas and is yet 
permissible from the standpoint of practical operation. 


6. Thermo-Chemical Diagrams Illustrating the Various Gasification Phenomena.! 
Figs. 704a-d illustrate the thermo-chemistry of the simple combustion of carbon in air and in water 
vapor. The fundamental equations for the combustion of 1 lb. of C in air are stated as follows: 


C,+2(0+aN),=2CO,+ 2aN,, . . . . . . . . . . . (1) 
C,+ (0+aN),=2CO aE aN;. : . . . . . . . . . . . (2) 


Eq. (1), utilizing the oxygen from 141 cu.ft. of air develops an available amount of heat 
equal to 14544 B.T.U., while in eq. (2) the oxygen from only 70.5 cu.ft. of air is used, resulting 
in a development of heat equivalent to 4446 B.T.U., the remaining 10098 B.T.U. being chem- 
ically bound in the CO produced. Between these two limits, of course, any combination of these 
two types of combustion is possible. Attention is called at this point to the latent heat of 
carbon which must be expended in converting the solid C to the gaseous form. The fact that 
heat must be so expended is the reason why the heating value of C is not 20196 B.T.U. per lb., 
but only 14544, and why the heat developed from the combustion of C to CO is not exactly 
half that of the combustion of C to COs. ; 


1 Karl Kutzbach. Taken from an article published in the Z. d. V. D. I., 1905, p. 233, with the per- 
mission of the author. 
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In Fig. 704a, Diagram 1 shows the volume relations between the gases resulting from the 
combustion of unit weight of carbon according to eqs. (1) and (2). This diagram is then 
transposed into Diagram 2, Fig. 704b, showing the volume relations based on the cubic foot, and 
Diagram 3, Fig. 704c, showing the weight relations based on the pound. Diagram 7, Fig. 704d, 
shows the thermal relations existing during both combinations. 

Diagram 1 is obtained as follows: 

Combustion according to eq. (1): 


C1 2 aN z= 2COs-F20NG. 3) eee et ay 
Weight relation: 24+ 64+ 56a = 88 + 56a 
or 1 Ib. C+ 2.66 lbs. 0+ 2.33a lbs. N =3.66 lbs. CO,+2.33a lbs. N. 


Since the oxygen in this combustion is obtained from air, and the weight relation between N 


oh. 0: é : 
and O in air the value of a in the above equation must be 


69 5 66=2.38a, 


23.5 
a=3.73. 
Substituting this value of a in the above equation, we finally have 


1 Ib. C+2.66 lbs. O+8.70 Ibs. N=3.66 Ibs. CO,+8.70 Ibs.N. . . . . . . (la) 


Now to change eq. (1a) into a volume relation we simply employ the specific weight 7 for 
each gas from Table 142. The specific weight of gaseous carbon is taken at .0668 lb. per cu.ft. 
We have for 1 Ib. of C, 


Volume Relation : 


14.97 cu.ft. C+ 29.93 cu.ft. O+111.1 cu.ft. N=29.93 cu.ft. CO,+111.1 cu.ft.N. . . (10) 





141 cu.ft of air 


Combustion, according to eq. (2), treated in a similar manner, gives the following relations: 
D9) 


C,+ (O+aN),=2CO+aN). . . . . . . . . . . . (2 


Weight relation: 
24+ 32+ 28a=56 + 28a, 


or 1 lb. C+1.33 lbs. O+1.17a Ibs. N=2.33 lbs. CO+1.17a lbs. N. 


Putting a=3.73 as before, we have 


1 Ib. C+1.33 Ibs. O+4.35 Ibs. N=2.33 Ibs. CO+4.35 Ibs. N. . . . 2 «-. (2a) 


Volume relation. This is obtained as above. 


14.97 cu.ft. C+14.97 cu.ft. 0+55.55 cu.ft. N=29.93 cu.ft. CO+55.55 cu.ft. N.  . . (26) 





70.5 cu.ft. of air 
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With the aid of eqs. (1b) and (2b) the construction of Diagram 1, Fig. 704a, becomes obvious. 
The ordinate marked 2 (in a circle) represents the relation of volumes at the end of the 
combustion according to eq. (2), that is, after 70.5 cu.ft. of air have been supplied. The original 
volume of 1 lb. of gaseous C, 14.97 cu.ft., has 
i at this point been reduced to zero, and 29.93 
Convention |Wt. in Lbs.| Heating | cy. rt. | Heating cu.ft. of CO have appeared in its stead. At 

Used (9) Bena: ‘en re TNEBeRL per est the same time 55.55 cu.ft. of N were supplied 
a along with the O, making the total cubic feet 
file i 2 of gas 85.48. Now as the supply of air is 
c cae | ue | oe increased beyond 70.5 cu.ft., CO, commences 
aia anes to make its appearance at the expense of COQ; 
until, when the supply of air has reached 
141.03 cu-ft., all of the CO has disappeared, 
while 29.93 cu.ft. of CO, appear in its place. 
co 22M] | .07807 342 12S 4820 The cubic feet of N supplied in the meantime 
| has increased to 111.10, making the total 
| volume of gas along the ordinate marked 1 
cg lea] | 12267 = SH er aN as ea (in circle), indicating the end of combustion 
according to eq. (1), equal to 141.03 cu.ft. 
For any air supply beween 70.5 and 141.03, 
Sos a AS Ne both CO and CO, appear in the diagram, the 
relation between them always being 











oO |[Vel]] | -ose21 — 10.22 ae 


























Air 2vel % 








08072 = 12.51 — 
ovens) | Volume CO + volume CO,= 29.93 cu.ft. 
Fi ©% a ; 
Higher Ss The conventions used in this diagram 
———- 3 4 7 1560 
H , 00559 ae Bom 61730 


together with some other data relating to 
ee | some of the other diagrams, are shown in 
78 .05016 os foes | Fig. 703. 
mole | Diagram 2, Fig. 7046, is obtained from Dia- 
gram 1 by merelyexpressing the volume relations 
existing at ordinates (1) and (2) in percentages 
of the total volume, while Diagram 3, Fig. 704c, 
is constructed by aid of eqs. (la) and (2a). In Diagram 2 the curve of heating value has been 
obtained by determining the heating value of .347 cu. ft. of CO. This is equal to 117 B.T.U. Now 
as more air is supplied some of the CO burns to CO,, and the heating value of each cubic foot 
of the gas is less as we go beyond 70.5 cu-ft. of air, until at ordinate (1) all of the CO has 
been burned to CO,, and the heating value is then reduced to zero, all of the gas being incom- 
bustible. The curve.is plotted to the same scale as the scale of percentage at the side of the diagram. 
If steam be led through incandescent carbon, the resulting gas consists of a mixture of H, 
CO, and CO,. The reaction proceeds according to either or both of the following equations: 


Lower Lower 


























Fig. 703.—Key to Figs. 704 and 705. 


C,+2H,0 =2CO +2H,, . . ° . ° . ° ° . . . . (8) 
@, 4:411,0 = 200,41 40. ae 


Determining the volume and weight relations represented by these equations, as before, we 
have 
From eq. (3): 


Weight relation: 24+ 36=56+4, 


or Pipa@ 5 lbs HO — 2.33 lbsxCO F166 lbs Tey pli le terme lene ieenmenmn (Oa) 


This equation is converted to the volume relation by the aid of the specific weight , from 
Table 146. 
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Volume relation: 14.97 cu.ft. of C+29.93 cu.ft. H,O=29.93 cu.ft. CO+29.93 cuft. H. . (30) 


From eq. (4): 
Weight relation: 24+72=88+8, 


or Llb..C+ 3 lbs. H,O =3.66 Ibs. OO, 4.333 Ib: H. ....-2 ..4 6 . 2 « (4a) 
For this we obtain, as before, 


Volume relation: 14.97 cu.ft. C+59.88 cu.ft. H,O =29.93 cu.ft. CO,+59.88 cuft.H. . . . (4b) 


Equations (3a), (3b), (4a), and (4b) serve to plot Diagrams 4, 5, and 6, Figs. 704 a to c. 
The method of doing this is similar to that used for Diagrams 1, 2, and 3, and need hardly be 
outlined any further. The heating value curve in Diagram 5, Fig. 704b, is obtained by deter- 
mining the heating value of .667 cu.ft. of H at ordinate (4), and the heating value of .5 cu.ft. of 
CO+.5 cu.ft. of H at ordinate (3). This determines the end-point of a curve for which inter- 
mediate points may be found from the volume relations in the same diagram. 

Finally, Diagrams 7 and 8 in Fig. 704d show the various quantities of heat concerned in the 
reactions for both air gas and water gas. The construction of these diagrams is obvious, the 
various quantities of heat being computed directly from the weights involved in eqs. (la), (2a), 
(3a), and (4a). 

All of the diagrams between the end conditions at ordinates (1) and (2), or (3) and (4), show 
interactions resulting in the formation of both CO and CO,, and the question next comes up as to 
what influence determines the relative formation of these two gases. This controlling factor is 
the temperature. There is a chemical law which states that with increasing temperature the 
chemical actions and interactions are so modified as to resist the further increase of temperature, 
that is, that those reactions which take place with a smaller development of heat or which are 
combined with a cooling process gain the ascendency over other possible reactions. In the air 
gas process, the reaction combined with the smaller development of heat is evidently that accord- 
ing to eq. (2), that is, the formation of CO. In the water-gas process the reaction showing the greatest 
cooling effect is that according to eq. (3), again the formation of CO, because as Diagram 8, 
Fig. 704d, shows, at ordinate (3) the latent heat in the gases is 18679 B.T.U., while at ordinate 
(4) it is only 17 244 B.T.U. 

In actual practice the temperature is of course by no means the same in all parts of the 
producer. Under normal conditions, it probably increases from the grate upward until all of the 
oxygen. in the air has been combined, after which it decreases on account of the heat furnished 
to the green coal moving downward. In any part of the producer the relative formation of CO 
and CO, depends entirely upon the temperature, the transformation from the CO, formed to CO 
in the hotter zones going on at the same time that some CO is again converted into CO, in the 
cooler zones. The composition of the producer gas as it finally leaves the generator is a com- 
promise between these combinations and dissociations at different temperatures, but the net result 
is that the highest temperature, on account of its greater potency, is the deciding factor. 

Examining again the heat diagrams for air gas and water gas, it will be noticed that the 
former shows a considerable quantity of sensible heat, which as far as the obtaining of the 
greatest possible amount of chemical energy is concerned, is wasted. The heat diagram for the 
water-gas process on the other hand shows a deficiency of heat, since C itself can only furnish 
14544 B.T.U. per lb. At ordinate (3) there is a deficiency of 4176 B.T.U.; at ordinate (4) of 2700 
B.T.U. Both quantities referred to steam at 32° F. If now both steam and air are introduced 
together, the sensible (waste) heat of the air-gas process can supply or balance the deficiency 
of the water-gas process. 

The diagrams of Figs. 705a to c illustrate this combined air-steam (producer) gas process. - 
Diagrams 9, 10, and 11 refer to the perfect gasification process, the efficiency being assumed 100%. 

Diagram 9, Fig. 705a, showing the “heat balance” for the perfect process, indicates the method 
of finding the balance or state of equilibrium above mentioned. The three-codrdinate system is 
used, the three codrdinates representing the variables: air, steam, and heat units, as indicated. 
The diagram in the left vertical plane is a reproduction of Diagram 7, Fig. 704d; that in the 
right vertical plane one of Diagram 8. With their aid it is possible to determine the conditions 
at which the waste heat of the air-gas process just balances the deficiency of the water-gas 


Water Gas Process. 






Air Gas Process. 
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process. Points c, d, e, and f defining the waste heat of the air-gas process, are connected as 
shown with points k, 2, h, and g, defining the heat deficiency of the water-gas process. The points 
of intersection a and 6 and their vertical projection a, and b,, defining the producer-gas diagram, 
allow of the detcrmination, in the horizontal plane, of the relative quantities of air and water. 

The diagram shows that at the point a, for instance, the quantities to maintain a balance 
furnished per pound of C should be .77 lb. of steam and 34.5 cu.ft. of air. At this point there 
will be no CO, found in the gas. At the point 6, the respective quantities per pound of C are 
22.46 cu.ft. of air and 2.53 lbs. of steam. At this point all of the CO will have been converted 
to CO;. 

The upper-end point 0, of the line defining the heat in CO in the producer-gas diagram is 
found by drawing the line of. The CO area in the producer-gas diagram is, in the nature of the 
case, the same as in the other two diagrams. The total sensible heat of the air-gas diagram 
now appears as heat in H in the producer-gas diagram. 

The assumption of a generator efficiency equal to 100% presupposes that the sensible heat 
of the materials entering the gasification process is at least equal to the sensible heat of the 
gas leaving the producer. In actual practice, however, the gases leave the gasification zone of 
the producer at the combustion or reduction temperature. They consequently carry along a 
considerable stock of sensible heat of which only a small part is transferred to the coal on the 
way out for drying, distilling, etc., and another part is recovered for pre-heating purposes. A 
large part of this sensible heat is consequently lost, and the efficiency of the process is therefore 
at once reduced, the actual gasification efficiency ranging from 75 to possibly 85% as a 
maximum. 

If we assume as a lower limit an efficiency of 75%, the available heat is reduced from 
14544 to 10908 B.T.U. per lb. of C, while the waste heat of the air-gas process is only 810 
B.T.U. This of course means that less heat is available for the water-gas process and that 
consequently less water can be evaporated. The heat balance for this process is shown in 
Diagram 12, Fig. 705a, the construction of which is obvious. The producer-gas diagram in this 
case shows, when no CO, is produced (point a), that to maintain a balance .14 lb. of water and 
64.18 cu.ft. of air must be furnished per pound of C. 

Diagrams 10 and 13, Fig. 705b, next show the volumes of the various gases produced per pound 
of carbon gasified. Their construction, once the position of what might be called the “equilibrium” 
line a,b, is found, is easy and obvious. 

Finally, Diagrams 11 and 14, Fig. 705c, expressing the composition of the producer gas made in 
volume-percent are directly obtained from Diagrams 10 and 13. These diagrams also show the 
curve of heating value per cubic foot of producer gas. Attention is called to the decided 
variation in the production of hydrogen depending upon the producer efficiency and the amount 
of CO, made. 

Up to this point all of the discussion of the gasification process has been based upon the 
assumption that pure carbon was used. In practice, however, we find carbon available only with 
certain admixtures. Coke always contains less carbon than the undistilled fuel because a part 
of the carbon together with hydrogen forms the volatile ingredients, like tar and the light 
hydrocarbons of illuminating gas. Distillation commences at comparatively low temperatures, 
900 to 1400° F., and is therefore likely to be complete when the gasification zone of the producer 
is reached, especially for small sized fuel. The only important factor in the gasification process 
itself is then the carbon in the coke. To obtain the composition of the gas resulting in such 
a case, the gases of distillation (illuminating gas) obtained for 1 lb. of C may, according to volume 
and composition, be drawn in above the quantities of producer gas shown in the volume diagrams 
(either 10 or 13) of Fig. 705d. Under certain circumstances this may result in a considerable 
increase in the heating value of the producer gas, since the heating value of illuminating gas 
may be from 450 to 575 B.T.U. per cu.ft. The percentage of CH, found in producer gas and a 
part of the H content is always due to the gases of distillation from the coal as fired. The 
total efficiency of the producer consequently always exceeds the mere gasification efficiency, and 
the gain is the greater the higher the percentage of volatile matter (hydrocarbons) in the coal. 

In Diagram 14, Fig. 705c, the range of producer gases usually made in the normal operation 
of a producer plant, depending upon the supply of steam, is indicated by the area in the producer- 
gas diagram marked by marginal hatching. Of these gases the one containing most H, and 
consequently also most CO,, corresponds about to the gas made by the Mond process, although 
the H content of this gas may, with coal high in volatile matter, be even considerably higher 
than that shown. The low-temperature operation of the Mond process permits of the obtaining 
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of an excellent producer efficiency, which is, however, somewhat reduced owing to the large 
quantity of steam (up to three-fourths of that furnished) passing through the generator 
undecomposed. 


B. SOME DETAILS FROM PRACTICE! 
I. Directions for Operation, Attendance, Etc. 


Instructions for the operation and care of internal-combustion engines, intended for 
the layman, as distinguished from the engineer or skilled attendant, can hardly be 
made too elementary. Such directions should clearly and concisely point out the 
operations that must be gone through in daily routine and should, besides this, also 
give quick and safe advice in the case of any troubles out of the ordinary that may 
arise. An expert erector will personally give such instructions to the regular operator 
in a very few hours, but the written word, as always, calls for distinctness and ° 
exactitude even at the expense of brevity. 

There is of course little use in presenting here any sets of instructions as examples, 
because each different make of engine requires its own distinct set. But in order to 
show both the language employed and the very great help given by pictures, etc., 
of certain parts, there are given below instruction books and directions issued by one 
or two well-known American firms. 

Besides giving a general key to the main engine parts, any set of instructions 
must consist of comprehensive and logically arranged series of rules for starting and 
stopping and should include hints for the hunting down of troubles and for eradicating 
them. 

Instructions concerning producer installations in general read much alike, no matter 
what the make of the producer. The reason for this is that, although the various 
operations required depend somewhat on the constructive details of the producer, the 
iatter are much less diverse than is the case in gas engines, and, fundamentally 
considered, all gas producers are nothing but a special type of furnace. Directions 
for judging of the proper state of the gasification process, for recognizing and removing 
unusual troubles, etc., are consequently much the same in all cases. The following 
pages give the directions and instructions issued in the case of three well-known 
makes of producer installations, mainly to serve as a guide for similar purposes. 

Special emphasis should be laid on such statements or points in the instructions, 
the neglect of which may lead to dangerous occurrences (accidents to attendants or 
to machinery). In this connection it should be remembered that in some instances 
of this kind the manufacturers may be legally responsible to either the purchaser or 





1 TRaNSLATOR’S Nots. This division of the book does not strictly follow the German text, for the 
reason that some of the material there given is of no importance to American readers. Thus the directions 
given for the operation and care of a kerosene engine have been replaced by others issued by American 
makers. The instructions concerning gas producers were translated for reasons given below. 

The original text contains nothing concerning the methods of testing internal-combustion engines, 
and on account of the importance of this subject both the Code of the American Soc. of Mech. Engrs. and 
that of the German Society of Engineers are inserted. It is understood that the former is at the present 
writing being revised by the Gas Power Section of the American Society. 
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the persons injured, and for that reason any instructions aiming to point out the 
possible serious consequences of certain wrong management or attendance should be 
made specially conspicuous. , 


1. Instruction Book for Olds Kerosene Engines, Type AK 


Olds Gas Power Co., Lansing, Mich. 


DON’T WORRY 


Do not let the size of this book alarm you. O1"3 engines are simple, easy to run, easy to 
understand and reliable. We have made this book lazge simply because we wish to cover every 
possible point and put you in shape to take care of your engine yourself. If you study this 
book and understand it, you will have no trouble. If you do have trouble, whatever it is, if 
you read this book and understand it you can fix it yourself. 


OLDS GAS POWER CO 


LANSING — — MICHIGAN,U.S.A. 


TYPE AK ENGINES 
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Four-Cycle. The Olds engine belongs to the ‘‘ four-cycle” type—that is, it gives one explosion 
every two revolutions of the fly-wheel. Each two revolutions of the fly-wheel complete a cycle 
of four operations. Look at your engine, and we will take them in their order. 

1. Charging or Suction Stroke. The crank has pushed the piston as far back into the 
cylinder as it will go, and now as it goes on turning, it starts to pull the piston out again— 
the inlet valve opens, and as the piston moves forward, the suction pulls in a charge of mixed 
fuel and air until the space behind the piston is completely filled, when the inlet valve closes. 

2. Compression Stroke. The piston has gone out its full distance, the cylinder is full of gas, 
and the piston now starts back in, compressing this mixture of gas and air, Just as the piston 
is reaching the end of its compression stroke, the electric spark ignites the charge, the 
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3. Explosion or Expansion stroke takes place, and the piston is pushed out with great force 
by the explosion of the gas. This is the working stroke, the energy of which is transmitted to 
and stored by the fly-wheels. The piston rushes out to its full limit and returns on the 

4, Exhaust Stroke. Before the working stroke was quite completed, the exhaust valve had 
been already thrown open to avoid back pressure, and the returning piston now simply sweeps 
the cylinder of burnt gases, driving them before it and out through the exhaust valve. Your 
cylinder is cleaned and swept, so to speak, ready for a new charge, and your cycle is complete. 


INSTRUCTION BOOK OLDS TYPE AK ENGINES 


This booklet is intended to instruct explicitly in the operation of the Olds kerosene engine. 
It has been gone into so carefully and so thoroughly that if it is studied intelligently it will be 
easy for anyone to run our engines and keep them running, whether experienced or not. 

Before the engine leaves our hands the adjustments have all been made by us, and it is 
ready to run. 

Do not tamper with anything until you have fully mastered these instructions, and know 
just what you are doing, and why, and what the result will be. Do not turn a nut to tighten 
it or loosen it, or fix something that may seem loose, or loosen something that may seem 
tight, just out of curiosity, as this will generally make trouble for you. 

Remember that it is absolutely necessary to use gas engine oil in lubricating cylinder and 
piston—no other kind of oil will do. 

Instructions for Setting Up. Do not remove the crating until the engine has been brought 
to the place where it is to be used. In taking off the crating, be careful not to break anything 
inside. Set the engine on the foundation, and always remember that the firmer the foundation 
the smaller the repair bills. If a cement foundation is used there must be anchor bolts coming 
up through the cement base to fit the holes in the bed of the engine. If the engine is placed 
on the floor or on skids use lag bolts or regular bolts. 

The table of dimensions (Fig. 706) gives the exact size of these, and the location of these 
holes. 














Ignition System. The ignition system is what is known as the jump spark, in which an 
induced current of high tension is caused to jump a gap between electrodes in a plug screwed 
in the cylinder head. The current for this system can be supplied by batteries, magneto, or 
both .together. Below are shown three cuts. Fig. 707 shows the connections between the 
batteries, the coil, the contact maker, and the spark plug. For clearness the cut shows the 
batteries and plug enlarged out of proportion to the engine. 

Tig. 708 shows the arrangement of the batteries and magneto where these two systems 
are installed together, either one to be used. 

Tig. 709 shows arrangement where magneto is used alone. 
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Using Battery Only. In the crate you will find a large red box. This is the battery box 
The spark coil and the batteries are inside—and they are properly wired together—on the 
inside. See that in each case the connection is tight—screwing down any of the post screws 
that happen to be loose (one on the coil and two on each battery at the point where the wires 
make the contact). 

The wires come through a hole in the battery box, and on the outside of this battery box 
is a coil of wire. This wire is to be used in connecting up the battery box with the engine. 

Open the battery box with a screw driver, and you will find two spark plugs in the box; 
one is for actual use, and the other is for reserve. 

See that the points in the spark plug are about 35 of an inch apart. If they are too far 
apart the engine will skip, and if they are too near together you will not get a big enough 
spark to explode the charge. You can bend them slightly with a pair of pliers. Be very 
careful in doing this, as the spark plug is delicate. 

Set the battery box near enough to the engine to have the wires reach easily. The large 
wire is to be fastened to the spark plug #, Fig. 707. If there is a terminal attached to the 
wire, this fits under the screw on the spark plug. Force it gently around the spark plug post 
and turn the thumb screw down until it holds tightly. If there is no terminal on the wire, 
cut away some of the insulation, or rubber covering, at the end of the wire, and take this bare 
wire and wrap it around the top of the spark plug post, then tighten it with pliers so that the 
connection is tight. Take the small wire that comes out of the box nearest to the big wire 
and fasten this on top of the commutator D, Fig. 707. The other wire coming out of the box 
nearest the switch is fastened to the engine bed under the round-headed screw G, Fig. 707. 
See that the short insulated wires connecting the five cells together are screwed down tight. 
Should any wires become disconnected, see diagram, Fig. 707, for wiring. 


Face View of Swircn 











Fig. 708. 


Using Batteries and Magneto. Batteries and magneto are to be arranged so that they can 
be run alternately at will. The engine should be started on the batteries, the batteries then 
thrown off and the running done on the magneto. In Fig. 708, H is the magneto, and I’ is 
the two-point switch. When the switch is on point J (running position) the magneto is 
connected in the circuit, and furnishes current to the system; and when it is on point K 
(starting position) the battery furnishes the current. 

The arrangement (Fig. 709) shows the connections where the magneto alone is used. 

If a magneto is used, the commutator should be kept clean with a little gasoline and waste, 
and any glaze which is on the rubbing surface of the brushes should be removed with a knife. 
The brushes are purposely made difficult to get at, and without adjustment, as once set they 
should remain in adjustment until worn out. A direction sheet accompanies each magneto, 
and goes into the subject of the magneto quite thoroughly. The magneto furnishes a direct 
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current of low tension of from 7 to 9 volts. If it is desired to substitute batteries for magneto, 
or supplement the magneto with the batteries, enough batteries should be supplied to give 
6 volts. 








The Coil. The spark coil C, shown in Figs. 707, 708, and 709, consists of a primary coil 
through which the current from the batteries or the magneto is carried, the vibrator which 
interrupts the circuit automatically in this primary coil, and the secondary coil in which is 
induced a current of high voltage, due to the interruption by the vibrator of the current in 
the primary coil. Further, in the primary circuit, is interposed a condenser made of tin foil 
and paraffin paper. 

The principal point to avoid in the use of coil is dampness; if the coil becomes soaked 
with rain, it should be dried out very slowly at a low temperature, so as not to melt the 
paraffin in the condenser. 

Muffler and Water Piping. Fig. 710 shows the muffler piping for all sizes; Fig. 711 shows 
the water piping for 2AK and 3AK engines. Fig. 712 shows same for 4AK, 5AK and 6AK. 
Below each cut is a little printed table giving the location and size of each pipe and fitting 
for each engine. The piping and fittings will be found in a box in the crate of the engine; 
and if careful attention is given to putting on the connections exactly as shown, they will be 
found to go together properly. If you have to carry the exhaust further from the muffler 
than the short pipe furnished will reach, the extra piping for this purpose must be of a larger 
size than the pipe from the muffler. In piping the exhaust outside a building, have the hole 
in the building through which it goes out lined with tin, or some non-conductor of heat to 
prevent the wood of the building being scorched. Always have the muffler as close to the 
engine as possible, and carried on foundation or support of some kind so the weight of the 
muffler will not be hanging on the flange of the valve cage. In case it is desirable to pipe 
the exhaust out doors, it is usually advisable to set the muffler just outside the building, 
provided this can be done by carrying the muffler not more than 10 ft. from the engine. The 
muffler should be placed in such a position that it cannot fill up with water, either from rain 
or any other cause. Long exhaust pipes are bad. They cause back pressure on the engine; 
turns in the pipes should be avoided and the exhaust should be allowed to go as directly out 
of the muffler as possible. If the exhaust pipe is long, condensation of moisture might drain 
back into the muffler and seal the muffler off, preventing starting. There is a drain on the 
bottom of the muffler. Open this drain occasionally and drain off any water in the muffler. 
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In the water pipe system drains are provided for the tank and cylinder jacket. It is 
advisable to clean out the tank and drain off the water from the jacket occasionally to remove 
any dirt or scale which may accumulate; and in cold weather the water should always be 
drained off to prevent freezing and breakage. 
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EXHAUST PIPING 


CAI sel 12 SW. Ih Pipe. SAK Ta 1s xX 12% Wily Ripe: 
2. 141” Reducing Tee. 2. 14X1X14” Reducing Tee. 
3. 14” Close Nipple. 3. 14/” Close Nipple. 
4. 14’"x6’-0” W. I. Pipe (thread one end 4. 14’ x6/-0” W. I. Pipe (thread one end 
only). only). 
Dal cS tae beaPi pe: Dal x<OL/ We be Pipe: 
6. 1” Pipe Plug. 6. 1” Pipe Plug. 
7. 1’ Mall. Tee. 7. 1” Mall. Tee. ‘ 
8. x14” C. R. S. with Pipe (thread 8. 4x14” C. BR. S. Pipe (thread on 
on both ends). both ends). 
9. 1X4” C. I. Flange. 9. 1X4” Flange C. I. 
EXHAUST PIPING 
AAT (1. -2><12/" WI. Pipe 6. 1” Pipe Plug. 
2. 2X1X2” Reducing Tee. 7. 1” Mall. Tee. 
3. 2’” Close Nipple. 8. xi” C. Re S. Pipe Ghread on 
4, 2’"x6’-0” W. I. Pipe (thread one end both ends). 
only). 9. 1x4” C. I. Flange. 
5. 1x 10%” W. I. Pipe. 6AK. 1. 2414” W. I. Pipe. 
6. 1” Pipe Plug. 2. 24X14 24” Reducing Tee. 
7. 1” Mall. Tee. 3. 2%’” Close Nipple. 
8. 2X13” C. R. S. Pipe (thread on 4, 24’"<6/-0” W. I. Pipe (thread one end 
both ends). only). 
1x4” C. I. Flange. . 14X10} W. I. Pipe. 
5AK. 2X12” W. I. Pipe. . 14’ Pipe Plug. 


. 2X1X2” Reducing Tee. . 137 Malle Tee: 
. 2” Close Nipple. . 1§X2” C. R. 8. Pipe (thread on both 
. 2” X6/-0” W. I. Pipe, (thread one end ends). 
only). . 13X5” C. I Flange. 
5. 1X11} W. I. Pipe. 
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In case running water is used instead of a tank, the in-coming jacket water should be taken in at 
the lower opening of the jacket, and the overflow taken out at the top of the Jacket. Where a tank 
is used, the circulation of water is from the bottom of the tank to the under side of the jacket, 
up through the jacket, out through the top of the jacket, and back to the top of the tank. 

Fill the water tank with clean water so that the water in the tank is always above the 
return pipe, which is the top one. Be sure to pour this in in the morning, and keep the level 
in the tank always over the outlet of the top pipe. Otherwise no circulation will occur around 
the cylinder, and the cylinder will become overheated. Also be sure the level of the water in 
the tank is above the cylinder. The tanks are so built that, when the bottom of the tank is on 
the same level as the bottom of the engine, the pipe to the tank from the top of the engine 
will be high enough, and the level of the water in the tank will be above the cylinder, 
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COOLING WATER PIPING 
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Oil Cups. Take the large sight feed oiler, and screw it into a hole on top of the engine 
at H, Fig. 713, and fill this cup with gas engine cylinder oil through the little screw cap at 
the side of the top. Be sure to screw back the cap so that the oil will not splash out. You 
will notice underneath this oil cup a little opening covered with glass, and when the oil is 
running you can see the oil drop down. There is a double thumb screw which regulates these 
drops very easily, as you can see by trying it. 

See that the cup is adjusted to drop about 15 drops a minute for the first two or three 
days your engine runs, then decrease the supply to eight or ten drops a minute, which is about 
what you should use steadily. 

Fill the grease cup on the connecting rod with hard oil. Be sure the cup is kept filled 
with grease, as it lubricates the pin-bearing of the crank-shaft. 

To oil the main bearings you will find oil recesses on top of the main shaft-bearing caps. 
These are filled with cotton waste soaked in oil, and this waste belongs in there. Do not take 
it out, except to replace it with fresh waste. Keep this waste thoroughly saturated with good 
lubricating oil. 

Be sure to oil the rocker arm at ZL that operates the valves—it is acted on by the push 
rod, and should run freely. (Fig. 713.) 














BiGealse 


To put on the pulley, fit it on the wheel opposite: to the wheel which carries the governor. 
Three bolts are furnished, and are on the pulley, together with the nuts to hold them on the 
wheel. 

Filling with Kerosene. The engine comes all piped up for kerosene. The kerosene is 
contained in a compartment in the base of the engine. To fill with kerosene, remove the plug 
at K, Fig. 713, place a funnel in the hole, and pour in kerosene, until compartment 1s filled 
to within two inches of the top. Put the plug back tightly. Notice that a similar opening 
is on the opposite side of the engine for water, and the plug for this one marked is M, Fig. 715. 
The kerosene must be put in the opening at K. Be sure that no mistake is made and the 
kerosene put in the wrong side of the engine. The word “Kerosene,’”? is cast in the side of 
the sub-base, in which side the kerosene should be put. 
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To see whether there is sufficient kerosene in the base put a clean rod down through the 
hole K, Fig. 715. If the rod shows more than 34in. of its length wet there is enough kerosene 
to run the engine; 34 in. must show, however, before the engine will run. This is because the 
rod goes down into a small well in the compartment, from which well the kerosene is drawn 
through the suction pipe. The well is below the level of the bottom of the kerosene compart- 
ment and the compartment may be entirely dry while the well shows 34 in. of kerosene. 

The same holds good of the water compartment. 

At the opposite side of the engine, in Fig. 715, is the other opening, M, mentioned above. 
This is to be filled with clean water. Both water and kerosene should be strained through a 
fine mesh of wire gauze before being put into the engine. The water and the kerosene are 
both used to make the mixture for the engine cylinder, and the reason for straining both is to 
prevent any dirt from getting in to clog the adjusting valves. The water is fed to the engine 
with the kerosene to prevent pre-ignition in the cylinder. If the engine knocks or pounds when 
the connecting rods and bearings are properly adjusted, a slight admission of water will take 
the pounding entirely away and the engine will run with great smoothness. It will also reduce 
the fuel consumption of the engine. 

The mixer, or carburetor, N, Fig. 715, is shown in section in Fig. 716; that is, it is cut 
through and the drawing is shown as looking into one-half of it. In the section shown in Fig. 
716, two reservoirs, A and B, are shown as being on opposite sides of the central tube C. In 
the actual mixer, they are both on the same side of the central tube, and are only shown 
opposite in the drawing for greater clearness. The use of these reservoirs is to contain a supply 
of kerosene and water at the level DE shown. Every time there is a suction stroke the engine 

















draws in a charge of air through the opening /’, which is an open passage from the air into 
the central tube of the mixer, a slight vacuum being formed above the narrow neck of the 
central tube G. The operation of drawing the kerosene and water up into the reservoirs, and 
discharging the excess back into the tank below, is similar in both the kerosene reservoir and 
in the water reservoir. If we describe the kerosene, you will understand both. The vacuum 
mentioned above, acting through the port H, Fig. 716, draws the kerosene up from the 
compartment in the base; a small spurt comes up through the pipe K every suction stroke. 
This small spurt amounts to a few drops, and does not fill the reservoir L, but as soon as the 
suction stroke is completed the air rushes in through the port / into the central tube, and 
during the remaining three strokes of the engine atmospheric pressure is maintained in the 
central tube and the reservoir L and the few drops which came into the reservoir LZ during 
the suction stroke, drop down into tube M, past valve N into reservoir B; and after this 
has occurred a few times the level of kerosene in the reservoir B will rise until it begins to 
flow out of pipe O. Any more kerosene coming down from the tube M will simply flow out 
of pipe O back into the base of the engine. In this way a constant level is maintained in 
compartment B, which level is slightly below the top of the nozzle P. This nozzle is connected 
by ports with compartment B, and has needle valve Q controlling the. flow of kerosene from 
compartment B to the nozzle. 
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As the air rushes past the nozzle in the throat G, it sucks this kerosene up through the 
nozzle with it, making a fine spray. This spray is controlled by the needle valve so that the 
proportion of air and kerosene are exactly right to cause good combustion in the cylinder. The 
spray is thus sucked into the cylinder on each suction stroke, and is then compressed, fired, 
and discharged through the exhaust. 

_The water comes through the reservoir A, through needle valve passage R, which is 
equivalent to another nozzle P, except that it enters at the side of the central tube. The 
water is thus sprayed in with the kerosene, a constant stream being sucked up into- the 
reservoir from the base, the excess overflowing and going back into the base. The check valve 
S allows the kerosene to come up the tube K, but not to get back. The check valve N allows 
the kerosene to go down the tube M, but not to get back. In other words, the main piston 
as engine acts as a pump, valves N and S being equivalent to its suction and discharge 
valves. 


The cage T can be removed from the reservoir by taking out the plug U. It can then be 
lifted out and the valve examined. 





The joint V is held tight by a set screw W. A cone of wire gauze, X, is inserted in the 
upper end of the tube, which helps break up the mixture of kerosene, air, and water into a 
very fine mist, giving good combustion. 

For starting on gasoline, a third reservoir, Y, is placed on the side of the mixer, and has 
a needle valve corresponding to that of the water injection The top of this reservoir is covered 
by a small cast iron bottle, which can be simply lifted out, filled with gasoline, and inverted 
into the top of the reservoir. This will maintain the level of gasoline just at the bottom of 
the bottle when it is in place in the reservoir. It will be seen that this arrangement provides 
a constant level of water, kerosene, and gasoline in their respective reservoirs; these levels 
being just below the top of the discharge openings into the central tube, and therefore when 
the engine stops running there can be no drip of gasoline, water, or kerosene into the mixer.. 
The amount of gasoline, water, and kerosene fed in can be adjusted by their respective needles, 


Z, BR, and Q. 
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The small slide No. 1, on central nozzle P, is raised by pushing up on the rod No. 2, 
when starting the engine. This slide is pushed up into the neck of the mixer at G to throttle 
the flow of air, and cause more vacuum in tube C when turning the engine slowly by hand. 
This draws the fuel in through the gasoline nozzle more readily than when the neck @ is wide 
open. In warm weather it is not always necessary to push the slide No. 1 up into place for 
starting. After starting, it must always be pulled down again after the engine has taken an 
explosion or two. 

In the casting O, Fig. 715, a second roll of gauze is introduced into the tube with the 
cap P. On taking this cap out the gauze will come with it, as the two are attached. The 
gauze cone and the roll of gauze above are both used to break up the kerosene into fine mist, 
and prevent any condensation and drip from the tube. 

Starting. Go back and read over the instructions in regard to setting up, so that you 
know everything is right. 

Be sure that there is kerosene and water in the base. Don’t take anybody’s word for it, 
but look yourself, and measure it to be sure you know just how much you have. While there 
is no way-for it to leak out, yet if the engine has been damaged in delivery there might be 












WSC 


SS 

It 

Z 
SS 
























(2 


2 
Hy 
; 
N 
















N 
EASA 


HIGe (lO: 


a crack in the sub-base that would allow it all to leak out shortly after you filled it. The 
engine will not run without fuel. 

Be sure that all the working surfaces are oiled; you cannot get too much oil on a new engine. 
Be sure that the sight feed oiler at the top is turned on and is dropping. See that the grease 
cup is turned down so that the hard oil is forced, when warm, through the feed to the bearing. ~ 

Oil the small holes on the governor weight and stud. Throw off the switch at F on Fig. 
707. The cut Fig. 717 shows this switch when it is thrown off, and also how it looks when 
it is thrown on. 

To Start on Gasoline. Revolve the engine to starting position; that is, so the piston is 
beginning the forward, or explosion, stroke. To do this easily, relieve the compression by holding 
the inlet valve R (top valve R, Fig. 713) down during the compression stroke; crank the engine 
just past the compression stroke to the beginning of the explosion stroke (the switch being open) ; 
let the wheel stand in this position for a minute, while you take the gasoline cup, No. 3, Fig. 
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716, which is part of the mixer, and fill it with gasoline. When it is filled, turn it upside down 
in the reservoir Y, Fig. 716; open the gasoline needle Z, Fig. 716, half or three-quarters of a 
turn. See that the needle valves for water, R, and kerosene, Q, Fig. 716, are closed. It will 
be well to remember that every moving part must be oiled by some means. Push up the 
rod, No. 2, Fig. 716, as far as it will go. Throw the switch on as per Fig. 717; crank the 
engine over sharply a few times, and it should begin to take explosions, providing the gasoline 
needle valve Z is set right. It may require a little more, or a little less opening of this valve 
to start the engine, and if it does not go the first time, try a little different setting of this 
valve. After the starting position of the valve is learned once, it can be put in this position 
for starting every time. 

As soon as the engine begins to explode, pull down the rod No. 2, Fig. 716, at once. If 
this rod is left up after the engine is started, the mixer will flood; that is, take too much 
gasoline to make an explosive mixture, and shut down. As soon as the machine is running, 
the valve Z, Fig. 716, can be regulated until the engine is taking the sharpest explosions. 
When this needle is set right, the machine will run up to speed quickly, and begin to cut out 
explosions by means of the governor; that is, when it gets up to speed it should take an 
explosion, cut out several, and then take another. If the exhaust from the engine is black, 
too much gasoline is being used, and the needle Z should be closed a little; if a popping sound 
is heard at the .engine, too little gasoline is being used. A bluish-white smoke coming from 
the exhaust means too much lubricating oil, but on a new machine this should be left this 
way for a while, and the oil should be cut down only after the engine has been running a * 
day or so. It is better to have a little too much lubricating oil coming into the engine to 
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start with and only after some considerable running should this be cut down to where it does 
not show a bluish-white smoke. Eight drops per minute is about the usual feed after the 
engine is worked in and running right, and with eight drops per minute the colorless exhaust 
will be found. In starting a new engine, at least fifteen drops per minute should be used. 

The engine is now running on gasoline, and after it has run for a minute or two, the 
needle valve Q (Fig. 716) may be slightly opened. This is the valve which admits kerosene to 
the engine, and should not be opened until the head of the engine is too warm to hold the 
hand. on. It should be always possible to open up the kerosene valve inside of two minutes 
after the engine is running. As the valve @ is opened the gasoline valve Z should be closed. 
If the engine does not pick up and run promptly on kerosene, it should be run on gasoline 
a little longer. In opening up the kerosene valve Q, it should be opened from about  three- 
quarters to one turn. After the engine picks up and begins to take explosions on kerosene 
with gasoline valve Z closed, the kerosene valve Q should then be gradually closed down until 
the smoke from the exhaust is only the faintest blue. 

The engine is now running on kerosene, and the load can be thrown-on. When the load 
is thrown on, after about ten minutes’ running, a knocking will be heard in the cylinder, due 
to the heating up of the engine. This knocking is due to the fact that as the engine heats 
up, the kerosene in the engine becomes warm enough to pre-ignite because of the compression. 
At this time the water admission valve R should be opened. This valve should be opened gradually, 
_and as it is opened the knocking will become less and less, until the engine is running smoothly. If the 
needle valve is opened too wide, it will cause the engine to slow down, lose power, and finally stop, 
and the proper point can be determined by this. In other words, kerosene needle valve Q must be 
regulated to reduce the smoke from the exhaust to the minimum, and still have the engine pulling 
strongly; and the water valve R should be as wide open as is possible, without cutting down, the 
power of the engine. None of the valves, after they are once set right, will require any adjust- 
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ment for change in load, and the engine will run steadily through all such changes up to its 
maximum power. The setting of these needle valves which will give these conditions, can readily 
be found by experiment, and when this is once determined, the valves should be set at this 
point when running the engine thereafter. The only thing which can change these settings will 
be dirt allowed to get into the kerosene or water compartments through carelessness. If dirt 
gets in, the parts should be removed and cleaned. If running water is used instead of a tank, 
it should be turned on before starting the engine. This water should come away from the 
jacket warm to the hand. If it is warm enough to be uncomfortable, a little more water should 
be turned on. 

To Start on Kerosene. Read over the instructions for starting on gasoline and be sure 
you understand them. 

On the head of the engine (Fig. 714), is a bulb J. This bulb can be heated with a blow- 
torch to about red heat, and the engine started on kerosene, without batteries, magneto, or 
gasoline. In this case, of course, the gasoline valve should be closed and the kerosene valve 
opened three-quarters of a turn from the closed position. Torches are made, and can be 
furnished, when required, operating with kerosene so that the only fuel needed for starting or 
running is kerosene. It is much easier, however, to start the machines with gasoline where 
it is obtainable. To start the engine with gasoline requires only a few teaspoonsful before it 
will run on kerosene. With a hot bulb, of course, the engine will start off on kerosene. When 
starting engine on kerosene by means of hot bulb, rich mixture must be used to get the first 
explosions. : 

Good results will be obtained by opening kerosene needle valve two turns and raising air 
throttle. 

Hot tube must be heated to a dull red heat. 

When using kerosene blast torch the heat of the flame may be increased by raising the 
air pressure. 

To Stop the Engine. Always close water valve R first (Fig. 716); close off the lubricators, 
Fig. 713; close off the kerosene valve Q, Fig. 716. If running water is used for cylinder jacket, 

close off this jacket water; and lastly, throw off the switch on the 

battery box fF’, Fig. 707 (the off position is shown in Fig. 717). 

It is quite necessary to close the water and kerosene valves on the 

an mixer before throwing off the switch so that any water or kerosene 

remaining in the engine will burn out, and not be left in the engine 
to rust or cause hard starting. 

What to do if the Engine does not Start. Look everything 
over carefully. See that you have followed out the instructions 
exactly. It may be that the gasoline needle valve is too wide open, 
or too far closed to give proper mixture. If this is not found to 
be the case, test the spark plug as per instructions on page 624, 
and if the trouble is not there, test the coil (p. 626). 

If the engine, while running, begins to miss fire and explosions 
occur occasionally in the exhaust pipe, the trouble is usually in the 
ignition system. If the ignition system is right, and the exhaust 

















in the mixer at the engine, too little fuel is being used. If the 

spark is weak at the spark plug, but occurs regularly, the trouble 

may be in the adjustment of the thumb screw on the coil (see 

Fia. 718. p. 623), or there may be a loose connection in the battery box, 

or the batteries may have run down. If a magneto is used, this is 

eliminated, for the magneto will always give current, if the brushes are clean. It is possible that 

the kerosene has been used up, and if the engine shuts down the trouble is usually that it 
has run out of fuel. This is the first thing to look for when trouble occurs. 

If you have plenty of kerosene and water, unfasten the wire at H, Vig. 707, and unscrew 
the spark plug, taking it out of the engine. Then connect the spark plug up again with the 
wire and lay the plug on its side, on the metal of the engine, being sure that the point does 
not touch any metal, and that the wire going to the plug does not touch the engine. Th>ow 
on the switch again and turn the fly-wheel slowly to the right. When you reach the sparking 
point (which may take two turns of the wheel), you should hear a buzzing noise and there 
should be a stream of sparks two or three times the size of a pin head, between the point and 





becomes too smoky, too much fuel is being used; if a popping occurs _ 
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outside metal of the spark plug. If the plug sparks down the outside or high up on the inside, 
or the spark does not jump between the point and the metal of the plug, the plug is dirty or 
the insulation is cracked. Take your plug apart and clean (instructions, p. 624). If you have 
the switch on, the connecting wires tight, and have followed the above instructions and on 
turning the fly-wheel over to the right fail to hear the buzzing noise from the spark coil, there 
is a loose wire somewhere in the cells, the batteries are exhausted, or the spark coil needs 
adjustment. The fault lies so very seldom with the spark coil that we do not recommend it 
to be touched at all, except as a last resort, ds in nine cases out of ten the fault lies else- 
where. Do not touch your coil unless you positively know that the trouble is there and nowhere 
else. The chances are that it is somewhere else. If the trouble was with the spark plug, and 
you now get a good spark, put it back, connect the wires, and your engine will probably start 
right off. 

If you get no spark, and the plug appears to be right, look at the batteries. 

Make sure first that there is no loose connection, that all thumb nuts are tight; a loose 
wire anywhere will be enough to stop the engine. If you have recently changed cells, look 
over the wiring and be sure that it is wired up right, as per Fig. 707. If everything is right, 
take your battery tester, and test each cell for its amperage—each dry cell should show at 
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least 1} volts and 15 amperes. It will not do satisfactory work unless it shows at least 8 
amperes. If it does not, throw it away and put in a new cell. You are simply destroying 
your good cells by leaving this bad one connected up with them. Every user of a gasoline 
engine should have a battery tester. 

If the battery is all right, if the wires are right, and the plug is all right, squirt a little 
gasoline into the spark plug, put it back, connect the wires, and turn your engine over two 
or three times. It may be that there has been a little clog in the gasoline pipe, and if the 
engine will take one or two shots from priming in this way it will often clear itself. If it 
does not, look at the mixer, it may not be getting gasoline. The feed may be stopped up, 
though this is unlikely, as the engine has undergone three separate tests by us in our factory 
before it was sent out. Try the engine with the needle valve less widely open; it may be that 
it is flooding because of some small dirt obstruction—if it does not start then, let it stand a 
few minutes, try with the needle valve further open than ordinary—if it still does not start, 
look at the coil, and turn the fly-wheel very slowly to the right; the coil is ordinarily the last 
thing to get out of order, and for this reason should never be touched until it is positively 
known that’ the trouble les here. If the spark coil does not give out a buzzing noise when 
the sparking. point is reached, loosen the set screw on the side of the frame just below large 
screw B, Fig. 719, turn screw B down a little and try again. If it then does not start, turn 
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down screw B a little further, then try it, always remembering that the vibrator A must still 
have space in which to move. If it refuses to work, your batteries are dead, or you have a 
loose wire, or your spark coil has been spoiled by having a nail driven into it, or being 
injured in transit or unpacking. The chances are ninety-nine out of one hundred that it is a 
loose wire or a dead cell. Be sure that you have tested the batteries and wires before laying 
the difficulty to the coil. 

If magneto is used the spark can be tested by taking the plug out, connecting it to the 
wire again, and laying it on some metal part of the engine. Crank the engine over sharply, 
watching for the spark between the points of the plug. If the spark does not occur, the same 
reasons may hold good as in the case of the batteries, except that in place of the batteries 
being run down, the brushes of the magneto may be dirty. 

How to Clean a Spark Plug. If the spark plug is dirty, wipe it off carefully with a dry 
cloth, and scratch the points with a knife so that they are bright and clean. Remove all 
carbon and oil from the porcelain. The points should be about 34 of an inch apart; if they 
are not, bend them carefully with a pair of pliers. 

If the spark takes place down the outside, or anywhere except directly between the point 
and the side, it is dirty or the insulation is cracked. Take the plug apart. You can do this 
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easily by using two wrenches. Be sure that the insulation is not broken. If it is, you must 
get another plug. Either put in new porcelain or get a new plug. 

Instructions for Cleaning Mixer and Its Valves. In Fig. 716, to clean the mixer, unscrew 
the screw W; take out the plug U; lift the cage 7 out of the reservoir; and unscrew the cap 
No. 4 from the end of the cage 7. The small valve N can be easily cleaned. Put the valve 
and cap No. 4 back into place; and the cage 7 back into the reservoir, after having cleaned 
out any sediment that may be deposited in the bottom of the reservoir. Be sure that the 
little gasket V that the cage rests on is clean, as this joint must be tight after the plug U 
and set screw W are in place and screwed down. The valve S can be cleaned by taking off 
the back nut which holds the pipe tight. Unscrew the whole valve from the base, and unscrew 
the cover of the valve from the body of same. The valve can then be thoroughly cleaned on 
the inside, put together and screwed into place again. To clean the needle valves from the 
reservoirs to the mixer, they can be simply unscrewed until they come out. It is well to wash 
out the holes with gasoline or kerosene when the needles are out so that any dirt in the holes 
will not be left in the threads. The small plug No. 5, Fig. 716, can be removed and the hole 
to the needle valve thoroughly cleaned. When this has all been done the cone X should be 
removed and heated in a flame to burn off any lint which may have accumulated on the gauze. 
This gauze should be heated in a clean flame so as not to leave a carbon deposit. The cover 
P, Fig. 715, can be removed. To this cover is attached a roll of gauze, and this should also 
be heated slightly, enough to burn off the lint, but not to melt out the babbitt in the cap, 
afterwards being put back into place. Where an engine has worked ina dusty place, such as 
running a threshing machine, a very considerable amount of dust is carried in the air, and 
clogging may occur once in a while. It will usually show by loss of power in the machine; 
when all the other parts of the engine are in good working order. 
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How to Adjust the Governor Latch. If the engine does not govern properly, look at the 
governor latch. When the roller is on the high point of the cam, the governor latch should clear 
the governor button by 3 to yg of an inch. (Fig. 720.) When turning the engine over by 
hand, the governor weight should lift the governor latch off the button 7g to + of an inch. 
(Fig. 721.) : 

How to Adjust the Governor to Regulate Speed. In order to regulate the speed of the 
engine it is necessary to adjust the governor. (Fig. 722.) Screw up the nut MW on the governor 
weight to make the engine run faster, and unscrew it to make it run slower. If you wish ‘to 
change the speed of the engine slightly, increasing or decreasing it 50 to 75 r.p.m., this can be 
done while the engine is running by screwing the thumb screw N (Fig. 722) out to increase, 
and in to decrease the speed. Only a very slight turn is necessary. 
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How to Tighten the Connecting Rod. If there is a pound or knock in the connecting rod 
it should be tightened either at the piston end or at the crank, or both. To do this you will 
have to remove the oil shield between the wheels by unscrewing two little studs on either 
side, which will allow you to take the shield off. 

In the tool box you will find a special length socket wrench (No. 18) which fits the adjusting 
nut on the top side of the connecting rod at the piston pin inside the piston. Place this socket 
wrench on the nut, take a wrench and turn it to the right, turning the socket wrench to the 
right, being careful not to get it too tight. There must be a little play in this connecting rod, 
but not too much. You can tell how much there is by taking hold of the connecting rod and 
shaking it. It must be a trifle loose. Screw this up enough to take up the play which makes 
the noise. It must not knock when running. 

On the other end of the connecting rod you will find a split box or bearing which is 
adjusted by four nuts, two top and two bottom. Loosen the lock nuts there and screw up the 
others. If you cannot get this tight enough, take off the cap and cut down the leather shims 
found between the cap and the connecting-rod, then screw down nuts until tightness can be 
felt on turning the crank, then let back a little to loosen. See that the bearing does not. heat; 
if it does the box is too tight and should be loosened further. Be sure to keep these two 
adjustments tight enough so that you will hear no knocking. 
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Compression. In turning over the wheel when the spark plug is screwed in, you will find 
one point on every second turn where the engine can only be turned with difficulty. This 
is caused by the compression which you should always have. If you do not have it, the rings 
on the piston are gummed up and stuck. Give your engine plenty of oil, and the rings will 
probably free themselves, and your compression come back to what it should be. This will 
often be found to be the case where an engine has been standing for some length of time. 

The rings become gummed or rusted into the piston and do not spring out as they should 
and close the space between the cylinder and piston walls. If the compression continues bad, 
disconnect the connecting rod and pull the piston out of the engine, being careful not to injure 
the piston or break the rings. If you have been using good oil your piston will be bright and 
smooth—bad oil, dark and gummy, with the rings stuck up. 

Clean the piston thoroughly with kerosene, be sure that the rings are free before putting 
back, and oil thoroughly with good gas engine oil. In putting the piston back into the cylinder, 
be careful not to pinch or break the rings. If the rings on the piston are loose and the piston 
is bright and smooth and evidently in good shape and you do 
Vaeve Setting not get compression, it is because the valves are not closing 

caer properly. It may be that some dirt has gotten underneath 
wo Ewer ovens! them, or a little piece of waste, which prevents their closing. 
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How to Adjust Spark Coil. If your batteries have grown 
weak and the buzzer fails to work, you can often get a 

einer a3 spark and go on running for a short time until you can get 
IS*ABOVE Tre ' | new batteries, by loosening the set screw on the side of the 
ete frame below set screw 5b, Fig. 719, and then turning down 
screw B and decreasing the space between vibrator A and 
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ARSE tween the vibrator A and the point of screw B, the 

Homzontac ano sconcin| Stronger and hotter will be the spark in the engine, and 

tS Ven the better the engine efficiency and power. Also, always 

Fic. 723 remember that vibrator A must have room to move, and 

that if B is screwed down tightly the engine cannot run at 

all, and that the longer the ‘‘ throw ”’ which you can give the vibrator A the better the engine 
will run. 

On putting in new batteries unscrew screw B on the coil until the current will just throw 
the vibratof. You can find this point by turning the engine over slowly, everything being 
connected up and the switch on. 

After months of running the point on screw B may become battered—take it out and 
smooth the point up carefully with a file, so that it gives a good even contact with a clean 
flat point about 35 of an inch in diameter. It is well to keep the top of your coil covered up, 
as the dust may get in and fuse on to the point B and stop your engine. 

General Suggestions. Keep Your Engine Clean. Before starting the engine always oil the 
piston and parts with a hand oil can; see that plenty of standard gas engine oil is in the oil 
cups—do not use any other kind of oil but gas engine oil. 

Always see that all the nuts and screws are kept in their places and are tight. A loose 
nut spells trouble. 

Be sure to oil the rocker arm and valve occasionally. (L, Fig. 713.) If this arm does not 
work freely at first, wash it with a little kerosene, as it may get gummed; then oil it, being 
careful that all kerosene is out. 

Never touch the spark coil until you are sure the trouble is there and have been over 
everything else. It is the last thing to get out of order, and the last thing that should be 
tampered with. 

If the engine turns hard, it is not getting enough lubricating oil, or the oil is poor. 

Put in no screws or nails that will reach through the outer casing of the battery box and 
the spark coil box; they will ruin the coil. 

Keep the coil in as dry a place as possible; moisture will cause leakage of current. 
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Never leave the switch on. If the switch is left on, it will use up a good set of batteries 
in a few hours. 

In making adjustments never leave the engine in such a position that the buzzer will keep 
working; it will use up your batteries very quickly. In testing or looking for any difficulty, 
if you wish to try the buzzer, do not keep it buzzing any longer than absolutely necessary. 

Keep an extra spark plug on hand, clean, perfect, and ready for use—it will save you time 
and trouble. 

In cleaning up a spark plug, be sure that the insulation is not cracked. 

If a battery becomes exhausted, it will start the engine all right in the morning, but will 
run down before ths engine has run long. 

Test your batteries. After the engine has stood for a time the batteries get stronger, but 
they will die on very short running. 

If the engine makes a popping sound at the point of air intake, or air throttle, it is not 
getting enough kerosene. Open the needle valve slowly until this stops. _ 

If an explosion takes place in the muffler, do not be alarmed; it only means that there 
is too much kerosene, or the spark is poor. 

If the exhaust is bluish-white, do not give the cylinder quite so much lubricating oil or 
kerosene; it may be caused by either. Always remember, however, that of the two faults it 
is better to give an engine too much lubricating oil than too 
little, and especially remember that a new engine needs plenty 
of oil until all the parts are worn perfectly smooth. 

Every user should: have a battery tester. This will enable 
you to test your cells yourself, and you will always know 
whether you have a good cell or a poor one. The method 
of applying it is to place one point on one of the screws 
that. comes out of the cell, and the other on one of the 
brass tips, press the button on the tester, and note the regis- 
tration of the amperes. If it registers over 10 or 12, the cell 
is all right. Test all your cells in the same way. It is not 
necessary to disconnect them from each other to do so. Remem- 
ber that if even one cell is weak it reduces the efficiency of 
the whole set. Throw it out and get another. If you cannot 
get another immediately, throw it out and run with the re- 
maining cells. 

A battery will wear out in time whether it is used or 
not, so it will not do any harm to have some fresh ones 
on hand. With this battery tester you can also test the cells 
that you buy, and be sure that you get good live ones. Do 
not buy dead ones, as they are worthless to you. 

Keep your engine clean. You cannot get good work from 
a dirty engine. 

Use only good gas engine oil. Steam cylinder oil, or Fic. 724 
sewing machine oil, or any oil that is not made for heat, raat 
will not do. 

Always see that all screws and nuts are tight before starting up for a day’s run. They 
will work loose on any machine, and keeping them tight will greatly prolong the life of an 
engine. 

In Cold Weather. Always drain the engine when through running, and avoid all possibility 
of breakage because of freezing. The engine may be harder to start in cold weather than in 
warm. In bitter cold weather the metal in the mixing chamber gets so cold that the gasoline 
does not vaporize, but remains liquid and the mixture is not right for the first explosion. If 
the engine does not start, take out the plug and squirt a little gasoline into the plug itself. 
The type “AK” engine will always start readily in any kind of weather if it is in adjustment. 
In bitter cold weather when gasoline will not vaporize, the above suggestions may be of value. 

If it is near your house, an equally easy way is to pour some warm water over the inlet 
chamber where the fuel goes into the engine—it will then always start readily. 

Remember that in cold weather lubricating oil does not run readily, and take particular 
care to see that the sight feed oiler at the top of the engine is letting in the usual quantity 
of oil. 
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The oil cup should be kept wider open during cold weather to insure proper lubrication. 
Bluish-white smoke from the exhaust will tell you when you have too much. Failure to give 
oil enough may cut your piston badly in a few minutes. 

In order to drain the water out of the engine, open plug at (18), Fig. 712. The water 
jacket of an Olds engine is removable and can easily be replaced if broken by freezing, but to 
let it freeze is simply carelessness. If you drain your engine it cannot happen. Water must 
also be drained out of the base, at point S, Fig. 715. 

Portable Engines. These instructions apply to portable engines, but in addition there is 
a grease cup on the rotary pump which must be kept full of grease and in working order. 
This should be taken care of in the same manner as the grease cup on the engine, saving you 
the bother of greasing in the old-fashioned way. 

In General. Do not be afraid to write to us in case of any difficulty, but above all study 
this instruction book carefully until you have mastered it and understand the engine completely. 

The Olds is the simplest form of engine on the market, and the easiest kind of engine to 
take care of. 

One of our best repair men goes out on the road with the sole equipment of a lead pencil, 
and we have never yet found him unable to make good. The only thing that can put an engine 
out of business if you fully understand these instructions and follow them—is the actual breaking 
of a part. 

If you are stuck, ask the nearest agent, who can probably set you straight. If he cannot, 
write us; that is what we are here for—to see that Olds engines run and run right, and we 
are always glad to know how you are getting along and see that your engine is giving good 
service. 

Above all, remember that the engine has run, and will run, and it is simply a matter of 
getting everything right. If everything is right, the engine must go. The repair man with the 
lead pencil is an object lesson; he knows where the trouble is, and it is only a question of 
slight adjustment. Remember that the Olds engine is the simplest gas engine made; it takes 
only a little patience and common sense to work out your difficulties yourself. There are 
thousands of them being used every day in a dozen different countries without any trouble, 
-and there is no reason why yours should not work as well as the rest. 


Now, before trying to start your engine, read this book through again. 
OLDS GAS POWER COMPANY, 
Lansing, Mich., U. S. A. 


2. Directions for Starting the Hornsby-Akroyd Oil Engines 
De La Vergne Machine Company 


1. On engines up to 25 H.P., close the valve supplying water to the vaporizer entirely; 
on larger engines, leave the valve slightly open. 

2. Start the lamp for heating the vaporizer. Place it underneath the vaporizer, allowing 
it to remain for a sufficiently long time to heat the vaporizer. 

3. Fill oil cups, and oil the engine thoroughly. 

4. Set the oil pump to give a slightly longer stroke than No. 1 gauge (or full load pump 
stroke). 
5. Open the overflow valve at the governor; work the oil pump by hand until the oil 
is seen through the glass gauge to pass freely en the overflow valve. Then close overflow 
valve. 
6. Pump a little oil into the vaporizer; if the vaporizer is hot enough, on opening the 
test cock on top of cylinder, oil vapor will issue in which case cock must again be closed. Jt 
is important that the vaporizer be hot enough, before starting the engine. 

7. Give one or two strokes to the oil pump by hand, and turn the fly-wheel over until 
ignition takes place. 

8. Reduce oil pump to No. 3 gauge until load is put on. 

9. Open the valve on the water supply to the vaporizer slowly and carefully, so as to 
prevent rapid contraction of the vaporizer walls. 


10. Take heating lamps off. 
Directions for Cleaning the Vaporizer of the HOMeh oan aaee Oil Engine. If the engine 


runs on kerosene, carbonization in the vaporizer takes place only if tke engine is overloaded 
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or not handled properly. If the engine runs on fuel oil or crude oil, the vaporizer must be 
cleaned after a running period of between 24 hours and two weeks, depending entirely upon 
the quality of oil used, and conditions under which the engine is run. 

When the vaporizer cap is removed for cleaning, no open flame should be brought into, 
or near to, the open cylinder, and the crank should be in such a position that the exhaust 
valve is open. This precaution will allow any explosive mixture which might remain in the 
cylinder to escape through the exhaust pipe. 


3. Operating Westinghouse Vertical Gas Engines—Instructions to Engineer 


Care of Engine. 1. Maintain crank case oil level 2t (ho parting of the rod-bolt nuts on all 
engines up to and including 11X12” three-cylinder, 4 in. above the parting of the nuts on 
13X14” three-cylinder, } in. up to the lower brass on 1523’ and 18X22” three-cylinder engines, 
and about 3 in. up the lower brasses on 25X30” three-cylinder engines. 

2. Use Atlantic Refining Company’s Westinghouse gas engine oil, or oil of same quality, 
in two main oil cups and in crank case. 

3. Use Standard Oil Company’s Renown engine oil, Leonard & Ellis Red Star machine 
oil, or other oil that is free from a gumming ade on other parts of engine. If mixing 
valve or ignitor stems have a tendency so gum up, use a half-and-half mixture of this oil and 
kerosene (coal oil) to keep them free. 

4. Governor and ignitor stems must work perfectly free. 

5. Igniter trip stem nuts should be so set that, when the stem has just dropped off the 
cam, the buffer washer holds trip stem 7g in. off cam, and when cam has pushed trip stem 
farthest out, there is #y in. to 7g in. clearance between igniter arms and trip stem nuts. 

6. Never run engine without cotter pins in inlet valve stem and igniter stems. 

7. Keep exhaust valves tight. When allowed to leak they become burned. If valves are 
tight the compression will be very noticeable when it is attempted to turn engine forward 
rapidly by hand with exhaust starting levers in vertical position. After grinding exhaust valves, 
always make sure that there is from gy in. to 7g in. clearance below the lower end of upper 
exhaust valve stem, according to size of engine, when on idle part of cam. When this is 
adjusted correctly, the valves will seat quietly but firmly. 

8. Keep igniters clean and dry, and do not allow them to leak, or they will heat and be 
damaged. 

9. Remove and examine condition of igniters at least once a week and of exhaust valves 
at least once a*month. This cannot receive too much attention. When any leak appears the 
parts must be immediately ground in to prevent ruining them. A good engineer will examine 
these parts often enough to have them always in good condition, as it is easily done. 

To Start Engine. 1. Make sure of gas at engine by lighting it at pet cock close to throttle. 
It should not burn violently, for that indicates that regulator gives too much pressure. It 
should burn about like an ordinary gas jet. 

2. Set mixing valve adjustments in best position for starting. This should be carefully 
determined after installation, and marked. The best running mixture should also be determined 
and marked. 

3. Exhaust starting levers must be in slanting position. 

4, Start oil cups. 

5. Open gas valve and immediately turn engine forward briskly a number of turns, by 
hand, in the case of small engines, or by dropping the air starting valve stem onto its cam 
and then opening the air cock, in the case of larger engines. As soon as explosions are obtained 
and speed is sufficient, shut off air, throw exhaust starting levers to vertical position, thus 
giving full compression, and the more powerful explosions will quickly speed the engine up. 
If these levers are thrown too soon, the compression will stop the engine. 

6. As soon as engine is started, turn on jacket water. This must, not be delayed, but it 
should not be done before pentioe except in cases where jackets have been drained, as a 
warm engine ‘starts much easier than a cold one. 

7. Move mixing valve adjustment levers out together to running position and put on load. 

8. Engineer must satisfy himself that everything is normal about engine before going abcut 
any other work. 
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Running Engine.~ 1. Main bearings should not get hotter than crank case. 

2. Engine should receive such attention as a steam engine of same size requires. In the 
case of small engines, a good engineer, by using his intelligence and keeping engines in good 
condition, will have much time to spare for other work, provided the same can be done as a 
side issue. 

3. Jacket water should leave engine not hotter than 150° F., nor colder than 98° (blood 
heat), to obtain the best results. 

4. Engine should not misfire. Open pet cocks above exhaust valves to determine this 
point. 

To Shut Down Engine. 1. Shut off jacket water. 

2. Shut off gas. 

3. Shut off spark. (Be sure that battery is never left short-circuited.) 

4. Throw out starting levers. 

5. Stop two-cylinder engines with both exhaust valves closed; three-cylinder engines with 
two valves closed. 

6. Shut off oil. 

7. Keep engines always warm, if possible, but if there is danger of freezing, drain wate 
from jackets and pipes. 


4. Instructions for the Operation of Pressure Gas Producers Manufactured by the Gas- 
motoren-Fabrik Deutz! 


Operating the Steam Boiler. The water level in the boiler must be kept at the prescribed 
height, and the pressure maintained at about 4 atm. (60 lbs.). Loading or otherwise interfering 
with the valves is absolutely prohibited. The best fuel to use is gas coke, which burns with 
little tendency to soot or smoke and makes a fire easy to control. The use of other fuels is, 
however, of course quite permissible. 

The exterior of the boiler and especially the steam pipe from the boiler to the injector 
at the producer should be carefully covered with some non-conducting material. 

Cleaning openings (hand holes) through which any mud or scale may be removed are found 
both in the top of the boiler and near the bottom of the (vertical) shell. 

All of the apparatt.. feeding the boiler should be tested at least once a day to see that 
they operate properly. The feed water should be as soft as possible, not showing much tendency 
to throw down scale. Depending upon the quality of the water, the boiler shoul be cleaned 
and washed out every one to four months. 

Starting the Producer. To start the producer from the cold, open the valve in the purge 
pipe, the poke-holes in the top, the inside and outside covers of the filling hopper and the ash 
pit doors. (In case of coke producers also the protecting and _ fire-doors). 

Through one of the fire-doors start a wood fire and throw in from time to time small 
charges of coke or anthracite, but only after the preceding charge has burned through to a 
bright glow. After the glowing fuel column has reached a height of about 6 in., close all of 
the doors, after having luted the edges of them with a little soft loam or clay to make them 
air tight. Before closing the fire doors of the coke producers do not fail to first put the inner 
protecting door in place. 

Next close the filling hopper and the poke holes and then turn on the steam, the pressure 
in the boiler having been raised in the mean time. The air blast serves to produce a stronger 
blast and causes a more rapid burning up of the fuel column. More fuel is added from time to 
time, as the glow appears at the top of the charge in the producer, until the column has reached 
the bottom of the fuel magazine, which may be ascertained by introducing a rod through one 
of the poke holes. This is the height at which the level of the fuel should be maintained 
during operation. After the column has finally burned through, an attempt should be made 
to light the gas at the test opening above the purge valve. If the gas burns with a steady 
flame, without lifting away from the opening or going out, for about 5 minutes, it is ready 
for use. Before turning the gas into the cleansing apparatus and.the gas holder, make sure 
that all seals (at the scrubber, sawdust purifier, etc.) are properly filled with water, and that 





1 See illustration, Fig. 407. 
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the water supply is turned on for all parts requiring it (top of producer, scrubber, gas pipe 
leading to seal box, etc.). The supply should be so regulated during operation that the water 
leaves the scrubber as cool as possible, the seal box lukewarm and the top of the producer 
hot. All valves.to the gas holder may now be opened, next close the valve in the purge pipe. 
In order to test the quality of the gas during operation a quarter inch burner should be con- 
nected to any suitable place in the gas pipe and a flame should be kept constantly burning. 

Stopping the Producer. If the gas make is to be interrupted for a short time only, open 
first the valve in the purge pipe, next shut off the steam. During such brief periods the fire 
in the boiler should only be banked, so that operation can be resumed at a moment’s notice. 

If the producer is to be banked for a longer period, say over night, shut off the steam, 
close the valve between seal box and scrubber, and open the purge valve. In this way there 
will be a constant small air draft on the producer, sufficient to keep glowing the constants 
of the producer. Fire and ash doors remain closed. The fire under the boiler should be dumped. 
At starting rebuild this fire, and if necessary also clean the grate of the producer. 

Cleaning the Producer Grate. The best time for cleaning the grate is in the morning just 
before starting. Fuel which clinkers badly requires cleaning oftener. 

The grate can be cleaned only when the gas-making is interrupted. The steam must therefore 
be shut off, the purge valve must be open, while the valve between seal box and scrubber is 
closed. Open the ash door, carefully clean the grate of ash and clinker by means of poker 
and hook, and take care that as little as possible of the glowing fuel is drawn down and out 
with the ash. 

In the case of coke producers a false grate is used to help in the cleaning of the grate. 
For this purpose, after the fire doors and the inner protecting doors are removed, a couple of 
transverse bars are laid in recesses in the fire-door frames and across the doors. Bars are then 
forced through the fuel column, resting at each end on the transverse bars. The grate may 
now be cleaned without the danger of having the entire column come down, since the latter 
now rests on the false grate. After cleaning, the bars are again drawn out, the transverse 
bars lifted away, and the protecting and fire-doors are replaced. 

In the case of fuel showing a tendency to clinker, it is well to poke down any clinker 
adhering to the sides of the producer, through the openings in the top, before again starting up. 

Dumping the Fire out of the Producer. After an operation lasting several weeks, and especially 
after the quality of the gas has shown a steady falling off for some time, the producer should 
be put out of commission and thoroughly cleaned. 

After the fire has been drawn, any ash or clinker adhering to the lining must be removed 
by poking through the top openings, taking care, however, to injure the brickwork as little 
as possible. 

If the lining is so far worn out that gas can find its way through it and between the sand 
filling and the exterior shell, the only remedy is to entirely replace the lining. 

Regulating the Rate of Gasification. To regulate the amount of gas made, a_ shut-off 
valve in the steam line leading to the injector is connected by a light chain with the bell 
of the gas holder. As long as the gas holder is not completely filled, the valve is wide open, 
but when the bell is near the top, its further rise closes the valve. Gasification then stops 
until the drop of the bell permits a weight to open the valve again. The rate of the gasifica- 
tion may within narrow limits also be controlled by adjusting the valve in the line from the 
steam boiler. 

Charging the Producer. To charge the generator, fill the hopper and close the outer cover. 
Then, by raising the counterweighted lever, open the inner cover, and the fuel will drop into 
the producer. After this raise the outer cover again and ignite the gases caught in the hopper 
between the two covers. Do not replace the outer cover, but let any gas that escapes around 
the edges of the inner cover burn in the hopper, in ‘order to prevent the noxious gases escaping 
into the room. i 

Seal or Hydraulic Box. The seal box serves to catch and deposit any coal dust which 
comes over with the gas in quantities, depending upon the nature of the fuel. The deposited 
slush must be removed about once in 14 days. During this operation the purge valve must be 
open and the valve between seal box and scrubber must be closed. Taking the cover off the seal 
box gives access to the interior. After cleaning, replace.the cover and fill the box with water 
until it appears through the overflow. 

Sawdust Purifier. (These are furnished only in plants using bituminous coal.) Each of 
the grids should be covered with sawdust to a depth of about 4 in. The charges must be 
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renewed (every 8 to 14 days) only when the valves ahead of and beyond the purifier are 

closed. Open next the ventilating valve on the purifier and then take off the cover. After 
renewing the sawdust, open first the valves in the gas line, and leave the ventilating valve open 
until the gas has displaced all of the air in the purifier. 

Scrubber. The scrubber is filled with pieces of coke large enough to prevent their dropping 
through the grate at the bottom. The water supply at the top of the scrubber should be 
regulated so that there will be a stream at least the size of a lead pencil flowing from the seal 
box. 

The scrubber should be cleaned at intervals of from 9 to 12 months, depending upon the 
length of daily operation. For this purpose the plant must be shut down. Close the valve 
between scrubber and seal box, shut off the water supply and take off both the top and bottom 
cover plates of the scrubber. The latter should then be allowed to stand for several hours in 
order to let the gas escape. Next draw out the coke through the bottom opening. After the 
new filling has been put in, replace the covers, renewing the packing wherever it is defective. 
The coke of the old charge may be used under the boiler. 

All cleaning operations should be undertaken only in the day time, and care should be taken 
to see that there shall be no fire, open flame, light, or smoking in the room during that time. The 
cleaning should always be done by at least two men, and on account of the dangerous, poisonous 
quality of the gas, the greatest care should be exercised, especially to see that there is ample oppor- 
tunity to get fresh air. 

Starting up the Plant after Installation or after Cleaning. Jf the scrubber, gas holder, or 
piping has not yet been in operation, or if they have been open to the ar for cleaning purposes, 
the spaces will be filled with air which with the first gas made will form an explosive mixture. If 
therefore a plant is to be newly started, it becomes necessary to completely replace the air 
and after it the air-gas mixture by pure gas. To this end open first the valve in the purge 
pipe, so that the gas first made may escape to the open air. Next close this valve and fill the 
gas holder, then stop the steam blower, and allow the gas holder to discharge through the valve at 
the extreme end of the gas main. Repeat this operation two or three times, depending upon the 
size of the holder and the length of the main. Take care that there shall be no open flame of 
any kind near the discharge opening. After this process, the gas may be regularly used for the 
purposes desired. 

Gas Holder. The counterweight for the gas bell should be of such weight that, when the 
bell sinks, the gas in the mains between the holder and the place of ‘consumption is under a 
pressure of about 14 in. of water. Since the water in the holder slowly evaporates, provision 
must be made to supply the deficiency from time to time. Once a year the entire filling of 
water should be renewed. 

When the water is being completely drained off, provision must be made to supply air through 
a valve either in the gas main or in the top of the bell. The reason for this is that the drawing 
away of the water may produce so high a vacuum in the bell as to cause the atmospheric 
pressure to crush it in. 

The water collecting in the traps of the gas main should be pumped out once a week. If 
the gas holder is not protected against cold, and if there is danger of freezing, a “convection” 
heating furnace must be installed. In order to obtain a good circulation of the water, the 
level in the holder should stand about 4 in. above the opening of the pipe supplying the warm 
water. This point is important and should be especially looked after. Where no very severe 
freezing is to be expected, it is also possible to protect the holder by means of some covering 
and to supply steam from the boiler to keep the temperature of the water sufficiently high. 

Special Notice. Producer gas, on account of its content of carbon monoxide, is very 
poisonous and seriously attacks the organs of respiration. All valves and cocks in the gas 
mains, as well as the filling hopper covers and poke hole stoppers, should therefore be kept as 
clean and gas tight as possible. They should all be tested at least once a month and all leaks 
discovered must be remedied. Since the odor of the gas is nowhere near as strong as that 
of illuminating gas, any leaks occurring are not easily noticeable, and the examination of the 
entire plant for leaks should therefore be carried out with special care. 
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5. Instructions for the Operation of Pressure Gas Producers made by KOrting Bros., 
Hannover ! 


1. Steam Boiler. The steam boiler must furnish to the injector a constant supply of dry 
steam. The steam pipes leading to the latter should therefore be well covered. The best fuel 
to use is coke. If other fuels are used care should be had to see that the superheater coil 
placed in the upper part of the producer does not come in contact with the fire, as it may 
be seriously injured thereby. 

The smaller sizes of boiler are fed by hand pump from a feed-water tank, the larger sizes 
are furnished with two Kérting Universal injectors. Special directions are furnished for the 
handling of the latter. The boiler should be put into operation before starting the fire in the 
producer. 

2. Gas Producer. To start the producer, open the ash pit doors and the valve in the 
purge pipe, and build a wood fire on the grate. As soon as possible add coal, which is best 
done through the filling hopper, and slowly build up the fuel column as high as the natural 
draft available permits. When the column has reached a height of about 6 to 8 in., close the 
lower doors, start the steam blower and add fuel as rapidly as possible without smothering the 
fire. } 

The lower doors should be made gas tight with loam or clay. The use ofa little coke 
will make the starting of the fire easier. The coke or coal used in regular operation should be 
dry, because water lowers the quality of the gas made. 

When the height of the fuel bed has reached say 25 in., no more fuel is added until the 
top layer commences to glow. The interior of the generator may be watched by carefully 
lifting the poke hole stoppers in the top, stopping the blower for a moment while so: doing. 
When the fuel bed reaches this stage, the gas made should be of about the proper quality. 
To test it, lift one of the stoppers in the top slightly and ignite the gas escaping. If the ftame 
burns red—not blue—while the blower is working full blast, it may be considered satisfactory 
and may be led to the scrubber, by closing the purge valve. Beyond the scrubber the gas, 
which may be lighted at any convenient test opening, should, when of good quality, burn with 
a long steady flame of blue color with a distinct reddish tinge. If, on the other hand, the flame 
shows faint blue together with a tendency to go out, the gas is of poor quality and mistakes 
have been made somewhere in the process. 

During further operations more fuel may be added as long as the upper layer always turns 
a dull red. The proper mean height or thickness of fuel bed should be about 30 in.—for hard 
coal a little less, for coke a little more. To obtain a uniform quality of gas, the level of the 
bed should be maintained at about the same point. The location of the level may be deter- 
mined at several places by inserting a rod through the poke holes, the covers of which may 
be slightly lifted for the purpose. 

At least once in a day of 10 hours the doors at the bottom of the producer must be 
opened, after first opening -the purge valve and shutting off the blast. This operation must 
always be carried out in that order; open first the purge valve, next stop the blower. The ash 
may then be removed and the grate freed from clinkers. This work should be carefully done 
in order to preserve the producer lining as long as possible. At the same time the proper 
carrying out of this cleaning process is of importance as far as the satisfactory operation of the 
plant is concerned. During the shut-down at the noon hour, open the purge valve partly and 
stop the blast, so that the fire can get sufficient draft to keep it alive. The blast should be 
started again about 15 minutes before work is resumed, if a good quality of gas is desired at 
that time. 

After work is stopped at night, draw the fire in the boiler, increase the thickness of the 
fuel bed in the producer to about 3 ft., and open the purge valve. Under these conditions the 
fire in the generator will keep alive until morning. In the morning the burned down fuel 
column may, with the aid of the blast, be again brought to normal height in from 30 to 45 
minutes. The best time to draw out the ashes is in the morning Just before starting the blast. 

During the time that the producer is in operation, the top should be water-cooled to keep 
it from burning out too rapidly, and the water should also not be shut off over night. 





1 See illustration, Fig. 406. 


634 APPENDIX 


From time to time, depending upon the care that the producer receives, the charge should 
be completely drawn to free the lining from adhering clinkers. 

3. Scrubber and Piping. The scrubber should be opened about every eight days to remove 
the mud deposited. Special attention should here be paid to the syphon and the overflow pipe. 
When the water is at its normal level, the syphon should dip into the water about .8 in. The 
tubes of the air pre-heater should from time to- time be freed from soot, taking off the cover 
plates and using wire brushes to scrape the tubes. 

If, on account of fouling, the piping offers greater resistance to the flow of gas, the quality 
of the latter will deteriorate. 

4. Sawdust Purifier. Where the best quality of hard coal is used, no sawdust purifier is 
necessary. For tarry fuels or those carrying dust, however, the use of such purifiers is 
recommended. The spaces between the wooden grids or trays should be filled with dry sawdust 
packed as little as possible. About once in two weeks the filling should be renewed. If the 
old charge is thoroughly dried it may be used over again. To prevent the sawdust from falling 
through the grids, a layer of short planing chips may first be put down. After the cover of the 
purifier has been fastened down, a quantity of gas is allowed to escape, until it is certain that 
all. the air has been driven out. 

5. Gas Holder. The bell of the holder is employed to regulate the quantity of gas made. 

The gas pressure is easily regulated by adjusting the counterweights. Care should be 
taken not to work with too high a pressure, as this interferes with gasification. In general, 
the pressure should not exceed about 3 in. of water. Periodically, about twice a day, the 
water collectors in the pipe line of the gas holder and those at the low points in the gas mains 
should be pumped out by means of the pump furnished for this purpose. 

6. In General. When a plant is first started up, or after any cleaning operations, a 
sufficient quantity of gas should be allowed to escape to the open air through the ventilating 
cocks or valves placed at several points. The purpose of this is to replace any air in the 
apparatus, because air forms an explosive mixture with the gas. It is also recommended, before 
opening scrubber or purifier for cleaning purposes, to blow air through the system by means 
of the steam blast, the producer being cold, to make sure that the laborers will not breathe 
the gas. 

Any leaks in any of the apparatus or piping should be immediately taken care of, as the 
gas 1S poisonous. 

These instructions are not to be considered as imposing responsibility of any kind upon 
Korting Bros. 


6. Instructions for the Operation of Suction-Gas Producers made by the Gasmotoren- 
Fabrik Deutz! 


1. Method of Operation. General Directions. The engine draws air saturated with water 
vapor through the producer filled with incandescent coal or coke and through the scrubber 
and gas tank. The air and steam passing through the incandescent fuel columns are trans- 
formed into the gas which serves to drive the engine. 

The air takes up the necessary water vapor by leading it over the surface of water in the 
vaporizer built around the top of the producer and heated by the gases as they pass out of 
the producer. The water level in the vaporizer is maintained at a certain poimt by supplying 
a constant stream of water, and allowing the excess to flow through a small overflow pipe into 
the air pipe and from here into the ash-pit where it evaporates and helps to keep the grate 
cool. 

During operation, on account of the suction of the piston, apparatus and piping are under 
a pressure less than atmospheric, so that if any leak occurs or any valve is opened, air will 
flow into the system but no gas will leak out. On this account the gas will, under such circum- 
stances, be diluted, decreasing the capacity of the engine. If the quantity of air leaking in is 
considerable, there is also the danger that an explosive mixture may be formed. 

It is therefore of prime importance to have all piping, valves and machinery gas tight. 

The best means to test the tightness of the entire system is by means of the blower used 
to start’ the producer. If air is blown into the system each joint may be quickly tested by 





1 See illustration, Fig. 412. 
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means of a flame. This examination should be undertaken not only after the plant has first 
been erected, but at stated periods also during regular operation. Air may, however, also find 
its way into the piping by improperly handling the valves. These should therefore be handled 
only as laid down in the following directions, and it is important to perform the operations only 
in the sequence indicated. 

The producer room should always be provided with proper ventilation. The coal used should 
be screened over a sieve having about 6 or 8 meshes to the inch, in order to remove the fine 
dust. 

2. Starting the Producer, after Erection or after it has been Cleaned, Before starting, 
the entire plant should be inspected and the engine made ready for starting. Special care 
should be taken to see that the water seal at the scrubber is filled, that there is water in the 
ash pit, and that the vaporizer is full to the overflow. Close the scrubber valve and the water 
vapor valve and open the blower valve, and the ash and fire-doors. Next pull the removable 
chimney down onto its seat at the top and start a wood fire in the generator as in a common 
stove. After the wood is well lighted add coal, and after this is burned through keep on adding 
it slowly until the producer is filled. 

In order to bring the charge to incandescence more rapidly the blower is brought into 
operation just after the fire is well started, or at least when the generator is filled, Ash and 
fire-doors must of course first be closed and the top cover put in place. The blower must be 
kept going until the gas burns at the try cock with a steady flame. Next the grate should 
receive a cleaning, for which purpose the blower is stopped, the blower valve is closed, the 
ash pit and fire-doors are opened. The clinkers are next loosened by poking from below 
through the grate and are then removed through the fire-door without drawing any incandescent 
coal. By poking upwards through the fire-doors any clinker adhering to the walls above the 
doors may also be loosened and taken out. During this period the quality of the gas has of 
course been falling off, for which reason, after closing the lower doors and opening the blow 
valve, the blower is again put on until the gas again proves of good quality. 

When the plant is first started, and also when for some reason there is no gas left from 
the last operation in scrubber or piping, gas must be forced through the system by means of 
the blower before the engine can start. To this end open the purge cock leading to the outer air 
at the engine, open the scrubber valve and close the filling hopper. Gas must then be blown 
_ through until the air is entirely displaced and the gas burns steadily just ahead of the engine. 

3. Starting the Engine. After making certain that the gas is of good quality at the test 
cock, the engine may be started. For this purpose stop the blower, open the scrubber valve 
and the water vapor valve, close the charging hopper, and start the water supply to the scrubber 
Then start the engine, closing the purge valve at the same time. 

Between the stopping of the blower and the starting of the engine, no time must be lost. All 
arrangements required for starting the engine should therefore be made beforehand. 

During operation the water supply to the vaporizer should be such that the overflow is 
sufficient to maintain a pool of water in the ash pit. 

4. Charging the Producer. The level of the coal should not be allowed to sink below the 
lower edge of the charging funnel. When charging during operation becomes necessary, it must 
be done immediately after lifting the cover, and the latter must be replaced immediately thereafter. 

The hopper or funnel, either during operation or during stand-by periods, should not be open 
jor any length of time without putting the chimney im place. aa, 

5. Stopping Operation. Stop the engine by following the ‘directions given under the corre- 
sponding head in the engine instructions, open the purge valve at the engine and also the 
charging hopper. Next close the scrubber valve and the purge valve. The closing of these 
two valves must not be forgotten in order to retain a good quality of gas in the system beyond 
the generator to aid in the next starting operation. Stop the water supply to the~ scrubber 
and to the vaporizer. Open the air valve so that the producer can get enough air to keep 
the fire alive and close the air-steam pipe. 

6. Starting after Short Interruption. Starting the producer, the contents of which are 
still incandescent, may be done as follows: Open the fire and ash pit doors, loosen the clinkers . 
with a poking bar nad remove them, carrying away as little coal as possible. Next close the 
doors again, open the blower valve and blow air through the producer until the gas again burns 
properly at the test cock. After this proceed as directed under 2 and Be 

7. Cleaning the Grate. Depending upon the kind of coal used, it becomes necessary to clean 
the grate at intervals of several hours. This may be done during operation by opening the ash 
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pit doors and raking the grate from the center to front and back, thus pushing the clinkers 
in front of the fire-doors. If clinkers also form onthe sides of the producer above the fire- 
doors, these can only be removed by poking upward through these doors. But the fire-doors 
must remain open only a very short time and the operation must therefore be performed very 
quickly. 

If the generator is badly clinkered up, the only remedy is to draw the fire altogether and 
to clean thoroughly, the clinkers at the sides being removed by poking through the charging 
hopper. This operation had best be undertaken every Monday morning. It is recommended 
not to clean in this manner just after shutting down on Saturday, because the producer would 
cool down too far, and the lining may suffer under the frequent extreme temperature changes. 

8. Cleaning the Piping. The piping should be examined and cleaned once a month. It 
should be noted that the fouling takes place mostly in the bends and elbows and at the joints 
of the piping to the scrubber. To clean the latter places, the flange unions must be disconnected. 

9. The Scrubber. The scrubber is filled with coke of such size that the pieces can not fall 
through the grate at the bottom. The water is supplied at the top and wets the coke on its 
way down. The supply of water must be so regulated that the gas leaves the scrubber com- 
pletely cooled down. 

The scrubber should be cleaned once in from 9 to 12 months, depending upon the hours 
of operation per day. 

To accomplish this the plant must be put out of commission. Close the scrubber valve 
and take off the upper and lower covers of the scrubber. A/ter this let the scrubber stand for 
several hours in order to let the gas escape. Next, draw out the coke by means of an iron rake, 
through the lower door, and put in the new charge. Finally, replace the doors or covers, 
replacing any defective packing. 

All cleaning operations should be carried on only in the day time, and no fire, open flame, or 
smoking should be allowed in the room during that time. The work should be done by at least two 
men and ample supply of fresh air should be provided for. 


It is urgently recommended that, independent of any general directions that may 
be given, there should be posted somewhere in the producer room a brief, easily 
memorized special notice, which may read about as follows: : 


7. Instructions for the Prevention of Accidents in the Operation of Suction-Gas Plants 
(Gildner-Motoren Gesellschaft, Aschaffenburg.) 


1. The outer cover of the charging hopper must not be lifted unless the inside conical cover 
is pressed against its seat by the counterweight. The simultaneous opening of both covers is 
dangerous and therefore absolutely prohibited. 

2. While charging coal into the upper hopper, or removing clinker by poking through the 
openings provided, the attendant must hold his face to one side far enough so that any flame 
shooting out can not reach it. Another reason for this rule is that it avoids the breathing of 
any gas that may be present in the charging hopper. 

3. The dismantling or taking apart of any of the apparatus of a producer plant that has 
already been in operation, should be undertaken only when the fire in the producer is completely 
dead, and after the system has been thoroughly aired out. In work of this kind the precaution 
to have no open flame whatever, by means of which the gas could be ignited anywhere near 
the plant, should be strictly observed. 

4, The water seals of the scrubber must always be kept filled with water. The scrubber 
water must be led away only in closed syphons and mains. 
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II. Specifications, Etc. 


1. General Specifications for the Purchasing of Machinery 


(Adopted by the ‘Verein Deutscher Maschinen-Fabriken” at Cologne, 28th Dec., 1889, and 10th Jan., 1891, 
and at Hamburg, 27th May, 1893.) 


1. Prices are free on board works; packing and freight are subject to special agreement. 

2. Payment must be made in legal tender at the offices of the manufacturer (or. selling 
agent) and at the following rates: one-third of the purchase price at the time of placing the 
order, one-third after the main parts are delivered f.o.b. works, and one-third three months 
after the machine was first put in service. In any case, however, the last payment must be 
made in six months from the second payment, if delay in starting the machine occurs through 
no fault of the manufacturer or selling agent. Payment by monthly installments is permissible, 
but in such case the average monthly rate should be so fixed as to cancel the obligation in 
about the time outlined above. 

3. The seller guarantees construction and workmanship for a period of ..... months, agreeing 
to replace without charge during that time all parts that prove defective or useless on account 
of inferior material, poor design, or bad workmanship, or to remedy all defects and troubles 
chargeable to the same causes. 

Natural wear and tear is of course not covered by this guarantee. 

4, Delay in delivery for which the seller is responsible entitles the purchaser to a deduction 
of not to exceed 4 of 1% of the purchase price for every full week that delivery is delayed. 

5. Any other claims for damages than those defined in paragraphs 3 and 4 are not 
recognized. 

6. Strikes abrogate any agreements concerning time of delivery. 

7. Before beginning with erection, the foundations, etc., must be furnished and completely 
settled and the place of erection must be protected against stress of weather, 

8. The manufacturer furnishes one or more skilled erectors, as may be agreed upon. The 
purchaser supplies the erectors free of cost, with the necessary help, hoisting facilities, light, etc., 
and also with minor materials like oil, grease, red lead, cotton waste, etc. The helpers remain 
in the employ of the purchaser. 


9. The charges for each erector, besides traveling fare, shall be as follows: $..... for each 
day traveled, and $..... per working hour, also $..... per day and per man for board and 


lodging. If required, the manufacturers or seller may guarantee that the total costs for one 
or more erectors shall not exceed a certain fixed sum. Ten hours is considered a working day, 
except in mines, etc. (“unter Tage”), where eight hours are considered equivalent to ten hours. 
Overtime and labor on Sunday are charged for as per special agreement. 
Voundation plans are furnished in each case without cost, and, where required, also a 
nO) Pp : ’ ’ ? 
list of parts. 

11. Any disagreements regarding the interpretation and fulfilment of the contract shall be 
referred to a board of arbitration, to which each party appoints one member. These two then 
agree upon a third member before commencing negotiations. Should the two representatives of 
the parties concerned fail to reach an agreement, each presents a report to the third member 
of the board, whose decision is final. The costs of the process are divided between the parties 
as agreed upon by the board or decided upon by the third member. 


III. Regulations Concerning the Installation and Use of Internal-Combustion 
Engines 


Under this head the German text points out that the installation of gas producers 
in Germany does not in general require government license unless the plant includes 
a closed boiler used under pressure. In this case permission for the installation of 
the boiler must be obtained and it is subject to inspection under government rules 
and regulation. In some localities, however, the authorities class both pressure and 
suction producers under the general head of “ furnaces,” in which case their installation 
is subject to the general building laws. 
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The installation of oil engines is in general not subject to government regulations. 
In some cases, however, insurance companies prescribe certain measures in the interest 
of safety. 

As far as the translator’s knowledge goes, there is at present in the United States 
no government supervision in the case of either suction or pressure gas producers. 
Insurance companies concern themselves with oil engines, gasoline, and perhaps crude 
oil, but not kerosene engines, only in so far as to lay down in the insurance policies 
for buildings certain regulations concerning the handling and storing of the oil. For 
these reasons the government and insurance regulations translated rather fully in the 
following subdivisions may be of little interest to the general reader, but they will 
serve to show what points it was thought necessary to cover to make the operation 
of producer gas plants and oil engines safe to both machinery and attendants. 

It is further pointed out in the text that the restrictions put upon the use of 
the lighter hydro-carbon oils, like gasoline, are too strict, and that the danger of 
explosions is much exaggerated. That the latter is in general the case may be seep 
from the following extract from a report by Dr. Leymann, Wiesbaden: 


“On account of many small fires due to gasoline, kerosene, etc., the idea that these liquids, 
as well as the similar lighter coal-tar oils, like benzol, are explosive in themselves, has gained 
wide acceptance. From extensive information received it appears, however, that although these 
substances are highly inflammable and easily fired, they are not in themselves explosive. This 
fact may also be easily seen by considering their chemical composition, the main constituents 
being carbon and hydrogen. No one has as yet succeeded in firing these compounds either 
through jar or impact, and where explosions have occurred the presence of mixtures consisting 
of air with the vapors from these materials has always been proven. The vapors alone 
cannot be ignited, they may be led through incandescent tubes with safety. Even the air-vapor 
mixtures are explosive only under certain stated conditions and within very narrow limits. The 
more volatile the material, the greater the danger of the formation of explosive mixtures, benzine 
and gasoline heading the list in this respect. The following mixture ratios of vapor to air are 
explosive: for benzol, upper limit 3, lower limit 41;; for gasoline, upper limit ;, lower limit, 
jy, that is, there must be present in the mixtures per unit volume of gasoline vapor not less 
than 19 and not more than 41 unit volumes of air. All other mixtures of the same vapor 
with air simply burn without explosion, and only those are explosive in which we have, 
expressing the above ratios in per cent, from 2.5 to 6.7% of benzol, or from 2.3 to 4.8% of 
gasoline vapor. The probability that an explosive mixture may be formed is consequently quite 
small. Concerning closed vessels completely filled with gasoline, therefore, these can explode only 
as a steam boiler explodes, that is, through excess of pressure. It is possible, however, although 
this has been known to occur only once, for an explosion to take place when the vessel is not 
entirely filled, in which case the vapor may form an explosive mixture with the air contained. 
The actual cause of the explosion in the one case cited could not be ascertained. The accident 
was quite likely due to the same causes that are at the bottom of explosions in air compressors. 
Vessels holding benzine and similar liquids need therefore be considered dangerous only in case 
the liquids are in contact with compressed air. Conflagrations, even when large quantities of 
these volatile fuels were concerned, which is, however, rarely the case, have been accompanied 
by explosions, but the flames are in general easily controlled by earth embankments and walls. 
Store-rooms for gasoline may advantageously be enclosed by embankments of that kind and 
every large tank or barrel should be similarly isolated. Since it is hardly likely to avoid spilling 
some of the liquid, through careless handling or otherwise, provision for instant drainage should 
be made. Finally, all gasoline store-rooms, or rooms in which gasoline is used to any extent, 
should be furnished with means of rapidly filling the room with steam, as this will quickly and 
thoroughly smother any fire. The steam pipe serving for this purpose must be provided with 
a valve outside of the room or building, 
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1. Regulations for the Installation and Operation of Suction-Gas Power Plants 
(Issued by the Prussian Secretary for Commerce and Industry, June 20, 1904.) 


1. The apparatus for the production and cleaning of suction gas and the gas engine must be 
installed in well lighted rooms at least 11.5 ft. and in the case of engines over 50 H.P., at 
least 13 ft. high. These rooms must have ample ventilation in such manner that the accumula- 
tion of gas cannot occur. The rooms must not be used for other purposes. It is permissible 
to install the entire plant in a single room. 

2. The use of cellar rooms is only perinissible when the floor of such cellars is not to exceed 
6.5 ft. below the level of the ground outside. 

3. A direct communication of rooms used for such purposes with living rooms is not 
allowed. It is also compulsory to prevent the access of hot air or vapors to living rooms or 
work shops adjacent to or above the engine or producer room. 

4. The floor space of the plant must be of such size that the individual apparatus, engine 
and other accessories may be easily and safely accessible from all sides. Especial care should be 
had to see that pipes do not hinder freedom of movement or interfere in any way with proper 
attendance to producers and engines. 

5. The charging of the producers must be possible without danger to the attendant (from 
fixed platforms, stairs, or ladders). Care should be taken to see that no gas can escape through 
the charge opening into the room. 

6. The gases produced in the generator during starting up or during stand-by periods must 
be conducted by a gas-tight pipe of proper size above the eaves of the neighboring buildings. 
The exhaust gases from the engine should be carried through a separate iron pipe to the same 
level and in such a way that the neighborhood is not annoyed by the noise. 

7. Arrangements must be made whereby the escape of gas from the producer into the 
rooms during starting up and stand-by periods is prevented. 

8. Arrangements must also be made whereby, in case of mis-fires or other troubles, the 
explosive mixture is prevented from flowing back into the gas mains, and explosions of such 
mixtures in the exhaust main are rendered impossible. 

9. Care should also be taken to reduce to a minimum the undesirable features accompanying 
the cleaning of the producer (drawing of ash, removing clinker, etc.). It may be necessary in 
some cases to collect and lead away the hot vapors and gases forming. 

10. Gas washing and scrubbing apparatus should be furnished with instruments (gauges, 
manometers) to indicate the existing pressure. 

11. The waste water discharged from the washing apparatus must be so treated that it 
leaves the plant without odor and completely neutralized. Ashes and other refuse also must be 
so taken care of as to avoid all annoyance to the neighborhood. 

12. The ventilating arrangements must not annoy the attendants through, drafts or the 
neighborhood through noise or other causes. 

13. If the radiant heat from the gas producers is likely to cause trouble, the producers 
must be suitably covered. Exhaust pipes inside the rooms or buildings must also be either 
cooled or covered. 

14. The foundations for engines and other machines in the plant must be so built as to 
prevent annoying the neighborhood with vibrations. 

15. Provision must be made for suitable artificial lighting. 

16. The provisions of the law for the prevention of accidents must be carried out. 

17. The attendants must be furnished with seats and with washing facilities. 

18. In case the gas plant is combined with a storage-battery installation, the rooms for 
the latter must be separate from the former, and must be properly ventilated. The artificial 
lighting of the battery rooms must be furnished only by incandescent lamps with special safety 
hood or by lights from the outside. 

19. The preceding regulations are not to interfere with any rules or regulations already 


established, by local building or other laws. 
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2, Regulations for the Installation and use of Gasoline Engines for Agricultural Purposes! 
(Issued by the Society of German Fire Insurance Companies.) 
I. Stationary Engines 
A, Regulation Covering Gasoline Engines, the Vaporizer for which is Installed in a Separate Room 


1, The engine must be installed in’ a room devoid of artificial heat and separated 
from other rooms by walls without openings other than those necessary to pass shafting, 
ete, ‘There must be no combustible materials either stored or handled in the room, and 
the engine itself must be erected on a fire-proof foundation, In cases where this foundation 
does not extend about 12 in, all around the base of the engine, any wooden floor must be 
covered with sheet iron to at least that distance from the engine base, Above the engine no 
woodwork or combustible should be tolerated within 8 ft. of the engine; at the sides this clear- 
ance should be at least 18 in, 

The exhaust pipe near the engine must be covered by some fire-proof material to remove 
danger of fire from this source, 

3. The room containing the gasoline vapor producer must not communicate with any other 
room, except through the necessary wall openings for the passage of pipes. The walls must 
be heavy, and both floor and ceiling should be stone or conerete. Good ventilation must be 
provided and the room must not be heated, 

4, In ease artificial lighting is necessary for the generator room, the light must either be 
furnished from the outside, or incandescent lamps or safety lamps built on the Davy principle 
must be used. y 

The charging of the generator must be done only in the day time and from a steel tank 
located in the room itself, which tank should not have a maximum capacity exeeeding 200 kg. 
(eabout 75 gallons) of gasoline. The liquid must flow only through closed pipes and must be 
moved. only by enclosed rotary pumps. 

6. No other gasoline except that permitted under Par. 5 may be kept on the property 
insured, 


B. Regulations for Gasoline Engine Installations in which the Vaporizer is Installed in the Same Reom 


Isngine and vaporizer may be installed only in a separate room containing no 
combustible material. The room must be properly ventilated and must not be heated, The 
room must be separated from adjacent rooms by heavy walls without openings and must have 
fire-proof floor and ceiling, Not even passages for belts or rope drives are permitted in the 
walls separating the engine room from the othors, but shafting may be allowed to pass through, 
provided it is closely surrounded at the wall with fire-proof material, 

2. The engine and vapor generator room ean be artificially lighted only by light transmitted 
from without, or by electric glow lamps whose closely fitting globes must also cover the lamp 
sockets, or by safety lamps constructed on Davy’s principle. Any other handling of light or 
fire in this room is absolutely prohibited, 

3. To operate the engine only electric ignition must be used, 

4. See Par, 2 under A. 
5. See Par. 5 under A, 
6. Seo Par, 6 under A, 


Regulations Covering Gasoline Engines which do not Employ Vaporizers 


1, See Par. 1 under A. 
2. The gasoline tank belonging to the engine (that is the tank containing the supply for 
the engine and for the ignition flame) must be located outside of the engine room in a separate 


‘These regulations also apply to those engines which use ligroin, ms 5h or any other oil whose 
flash-point is below that of Kerosene, 
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room neither artificially lighted or heated, and in which any handling of light or fire is strictly 
prohibited. The supply room must have heavy side walls, fire-proof floor and ceiling, and the 
walls can only be broken through for the passage of the small supply of pipes leading to the 
engine. 

3. See Par. 2 under A. 

4. If alcohol is used for the ignition flame, only the quantity required for daily consumption 
may be kept in the engine room and it must be stored in a tightly closed sheet iron or steel 
tank. 

5. Concerning the filling of the gasoline supply tanks, see Par. 5 under A. 

6. See Par. 6 under A. 


Il. Portable Engines 


A. Regulations Covering Gasoline Engines with Separate Vapor Producer 


1. Portable engines (locomobiles) must be placed at least 15 ft. from any buildings, 
‘barns, sheds, and threshing machines, and no easily combustible material must be allowed 
to get any nearer than this distance. 

2. Only electric ignition must be used in operating the engine. 

3. See Par. 2 under I, A. 

4. The amount of gasoline in storage must not exceed 200 kg. (about 75 gallons) and must 
be kept in a sheet steel tank. The place of storage should be either a substantial room or 
building with fire-proof floors and ceilings, well ventilated but not heated, and having no com- 
munication with other rooms; or a pit in the ground covered with an iron plate and located 
at least 100 ft. from any buildings or combustible material. 

5. The engine vaporizer must be filled only in the day time direct from the storage tank 
by means of closed ducts or pipes and enclosed rotary pump. For this purpose the engine must 
always be moved to the place of storage. 

The vaporizer must also be emptied in the day time and only through a screw connection 
with the storage tank mentioned under Par. 4 above. 

6. The engine can only be placed in its shelter on the property after the vaporizer has 
been completely drained. 


B. Regulations Covering Gasoline Engines which do not Employ Vaporizers 


1. See Par. 1 under Ii, A. 
2. See Par. 2 under II, A. 
3. See Par. 3 under II, A. 
4, See Par. 4 under II, A. 
5. See Par. 5 under II, A, except that “gasoline tank” should be substituted for “vaporizer.” 
6. See Par. 6 under II, A, except that “gasoline tank” should be substituted for “vaporizer.” 


‘8. Special Regulations Covering the Use of Portable Kerosene Engines in the Agricultural 
Sndustries 


(Issued by the Society of German Fire Insurance Companies.) 


1. See Par. 1 under 2, Ii, A above. 
2. The fuel used must be only common kerosene having a specific gravity of at least .80. 
3. The kerosene tanks may be filled only in the day time, and no kerosene or alcohol 


supplies should be stored in the immediate vicinity (see under 2, H, A). 


4, Special Regulations Covering the Use of Alcohol Engines in Agricultural Industries, as 
well as for General Industrial Purposes 


(Issued by the Society of German Fire Insurance Companies.) 


1. The/room in which the engine is installed must be separated from other rooms by thick 
walls without openings (except those for the transmission), it must have fire-proof floor and 
ceiling, must not be heated or used for any other purpose, and should not contain any com- 


bustible materials. 
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2. No lamps of any kind, except incandescent lamps, must be brought any nearer than 
7 ft. to the engine or any tank or vessel containing alcohol. ° 

For general industrial purposes, paragraphs 1 and 2 above show a somewhat different form: 

1. The engine must be installed only in a room in which there are no easily inflammable 
materials either stored or handled, and must be placed on a fireproof foundation. If this 
foundation does not project beyond the engine base at least 12 in. on all sides, any wooden floor 
must be covered to that distance with sheet iron. Above engine and alcohol tanks woodwork 
or other combustible materials must be kept at a distance of at least 3 ft. while at all sides 
the clearance should be at least 18 in. 

2. Both engine and vessels containing alcohol must be distant at least 7 ft. from any heated 
stove or heated pipes, and no illuminating agents, except incandescent lamps, should be brought 
any nearer than that distance. 

The exhaust pipe near the engine must be covered by some fire-proof material. 


4, The alcohol supply tank must not be placed directly over the engine, but should be 


securely fastened at a distance of at least 7 ft. to one side. The tank or tanks must be made of 

sheet metal, and must be furnished with tight covers. The alcohol must flow from the tank 
to the engine only in closed ducts or pipes. 

The supply tank should be filled only in the day time whenever that is possible, but: 

where artificial, illumination is necessary only incandescent lights or safety lamps must be used. 

6. The only supply of aleohol allowed in.the engine room is that required for a single 

filling of the supply tank. It must be kept in tight sheet metal cans and even then should 
only be brought in just before it is needed. 

7. The supply of alcohol in storage must not exceed 250 ke. (=about 80 gallons). It must 

be kept in a fire-proof chamber or vault or outside of the buildings insured in a place such 
that these buildings can not be endangered. 


IV. Regulations Concerning the Testing of Gas Engines and Gas Producers 


1. Rules for Conducting Tests of Gas and Oil Engine 
(Am. Soe. of Mech, Engineers, Code of 1901.) 


1. Objects of the Tests. At the outset the specific object of the test should be ascertained, 
whether it be to determine the fulfilment of a contract guarantee, to ascertain the highest 
economy obtainable, to find the working economy and the defects as they exist, to ascertain 
the performance under special conditions, or to determine the effect of changes in the conditions; 
and the test should be arranged accordingly. 

Mueh depends upon the local conditions as to what preparations should be made for a test, 
and this must be determined largely by the good sense, tact, judgment, and ingenuity of the 
expert undertaking it, keeping in mind the main issue, which is to obtain accurate and reliable 
data. In deciding questions of contract, a clear understanding in regard to the methods of test 
should be agreed upon beforehand with all parties, unless these are distinctly provided for in 
the contract. 

2. General Condition of the Engine. Examine the engine, and make notes of its general 
condition, and any points of design, construction, or operation which bear on the objects in 
view. Make a special examination of all the valves by inspecting the seats and bearing surfaces, 
and note their condition, and see if the piston rings are gas-tight. 

If the trial is made to determine the highest efficiency, and the examination shows evidence 
of leakage, the valves and piston rings, etc., should be made tight, and all parts of the engine 
put in the best possible Solan condition before starting on the test. 

3. Dimensions, etc. Take “the dimensions of the oylinder, or cylinders, whether already 
known or not; this should be done when they are hot, and in working order. If they are 
slightly worn the average diameter should be determined. Measure, also, the compression space 
for clearance volume, which should be done, if practicable, by filling the spaces with water 
previously measured, the proper correction being made for the temperature. 

4, Fuel. Decide upon the gas or oil to be eel and if the trial is to be made for maximum 
efficiency, the fuel should be the best of its class that can readily be obtained, or one that 
shows the highest calorific power. 
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5. Calibration of Instruments used in the Tests. All instruments and apparatus should 
be calibrated and their reliability and accuracy verified by comparison with recognized standards. 
Apparatus liable to change or become broken during the tests, such as gauges, indicator springs, 
and thermometers, should be calibrated both before and after the experiments. The accuracy of 
all scales should be verified by standard weights. In the case of gas or water meters, special 
attention should be given to their calibration, both before and after the trial, and at the same 
rate of flow and pressure as exists during the trial. 

(a) Gauges. For pressures above the atmosphere, one of the most convenient, and at the 
same time reliable, standards is the dead-weight testing apparatus which is manufactured by 
many of the prominent gauge makers. It consists of a vertical plunger nicely fitted into a 
cylinder containing oil or glycerine, through the medium of which the “pressure is transmitted 
to the gauge. The plunger is surmounted by a circular stand on which weights may be placed, 
and by means of which any desired pressure can be secured. The total weight, in pounds, on 
the plunger at any time, divided by the area of the plunger and of the bushing which receives 
it, in square inches, gives the pressure’in pounds per square inch. 

Another standard of comparison for pressures is the mercury column. If this instrument 
is used, assurance must be had that it is properly graduated with reference to the ever varying 
zero point; that the mercury is pure, and that the proper correction is made for any difference 
of temperature that exists, compared with the temperature at which the instrument was 
graduated. . 

For pressure below the atmosphere, an air pump or some other means of producing a 
vacuum is required, and reference must be made to a mercury gauge. Such a gauge may be 
a U-tube having a length of 30 in. or so, with both arms properly filled with pure mercury. 

(b) Thermometers. Standard thermometers are those which indicate 212° F. in steam 
escaping from boiling water at the normal barometrical pressure of 29.92 in., the whole stem 
up to the 212° point being surrounded by the steam; and which indicate 32° F. in melting ice, 
the stem being likewise completely immersed to the 32° point; and which are calibrated for points 
between and beyond these two reference points. We recommend, for temperatures between 212 and 
400° F., that the comparison of the thermometer’ be made with the temperature given in 
Regnault’s steam tables, the method required being to place it in a mercury well surrounded by 
saturated steam under sufficient pressure to give the right temperature. The pressure should be 
accurately determined as pointed out in the above section (a), and the thermometer should be 
immersed to the same extent as it is under its working condition. ° 

Thermometers in practice are seldom used with the stems fully immersed; consequently, 
when they are compared with the standard, the comparison should be made under like conditions, 
whatever those happen to be. 

If pyrometers of any kind are used, they should be compared with a mercury thermometer 
within its range, and if extreme accuracy is required with an air thermometer, or a standard 
based thereon, at higher points, care beinz taken that the medium. surrounding the pyrometer, 
be it air or liquid, is of the same uniform temperature as that surrounding the standard. 

(c) Indicatcr Springs. The indicator springs should be calibrated with the indicator in as 
nearly as possible the same condition as to temperature as exists during the trial. This 
temperature can usually be estimated in any particular case. A simple way of heating the 
indicator is to subject it to a steam pressure just before calibration. Compressed air, or com- 
pressed carbonic acid gas, are suitable for the actual work of calibration. These gases should 
be used in preference to steam, so as to bring the conditions as near as possible to those 
which obtain when the indicators are in actual use. When compressed carbonic acid gas is used, 
and trouble arises from the clogging of the escape valves with ice, the pipes between the 
valve and the gas tank should be heated. With both air and carbonic acid gas, the pipes 
leading to the indicator should also be heated if it is found that they are below the required 
temperature. The springs may be calibrated for this class of engines under a constant pressure, 
if desired, and the most satisfactory method is to cover the whole range of pressure through 
which the indicator acts; first, by gradually increasing it from the lowest to the highest point, 
and then gradually reducing it from the highest to the lowest point, in the manner which has 
heretofore been widely followed by indicator makers; a mean of the results should be taken. 
The calibration should be made for at least five points, two of these being for the pressures ~ 
corresponding to the maximum and minimum pressures, and three for intermediate points equally 
distant. 

The standard of comparison recommended is the dead weight testing apparatus, a mercury 
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column, or a steam gauge, which has been proved correct by reference to either of these - 


standards. 

When the scale of the spring determined by calibration is found to vary from the nominal 
scale with substantial uniformity, it is usually sufficiently accurate to take the arithmetical mean 
of the scales found at the different pressures tried. When, however, the scale varies considerably 
at the different points, and absolute accuracy is desired, the method to be pursued is as follows: 
Select a sample diagram and divide it into a number of parts by means of lines parallel to the 
atmospheric line, the number of lines being equal to and corresponding with the number of 
points at which the calibration of the spring is made. Take the mean scale of the spring for 
each division and multiply it by the area of the diagram inclosed between two contiguous lines. 
Add all the products together and divide by the area of the whole diagram; the result will be 
the average scale of the spring to be used. If the sample diagram selected is a fair represen- 
tative of the entire set of diagrams taken during the test, this average scale can be applied to 
the whole. If not, a sufficient number of samples of diagrams representing the various conditions 
can be selected, and the average scale determined by a similar method for each, and thereby 
the average for the whole run. 

(d) Gas Meters. A meter used for measuring gas for a gas engine should be calibrated by 
referring its readings to the displacement of a gasometer of known volume, by comparing it 
with a standard gas meter of known error, or by passing air through the meter from a tank 
in which air under pressure is stored. If the latter method is adopted, it is necessary to observe 
the pressure of the air in thevtank and its temperature, both at the tank and at the meter, 
and this should be done at uniform intervals during the progress of the calibration. The amount 
of air passing through the meter is computed from the volume of the tank and the observed 
temperatures and pressures. 

The volume of gas thus ascertained should be reduced to the equivalent at a given 
temperature and atmospheric pressure, corrected for the effect of moisture in the gas, which is 
ordinarily at the saturation point or nearly so. We recommend that a standard be adopted for 
gas-engine work, the same as that used in photometry, namely, the equivalent volume of the 
gas when saturated with moisture at the normal atmospheric pressure at a temperature of 60° 
F. In order to reduce the reading of the volume containing moist gas at any other temperature 
to this standard, multiply by the factor 


459.4 +60 Dee —(29.92—s) 
459.44 ¢ 29.4 : 





in which 6 is the height of the barometer in inches at 32° F., ¢ the temperature of the gas 
at the meter in degrees F., and s the vacuum 
in inches of mercury corresponding to the tem- 
perature of ¢ obtained from steam tables. 

(e) Water Meters. A good method of calibrating 
a water meter is the following, reference being 
made to Fig. 725. 

Two tees A and B are placed in the feed pipe, 
and between them two valves C and D. The meter 
is connected between the outlets of the tees A and 
B. The valves # and F are placed one on each 
side of the meter. When the meter is running, 
the vavles H and F are opened, and the valves 
C and D are closed. Should an accident happen 
to the meter during the test, the valves # and F 
may be closed, and the valves C and D opened, so as 
to allow the feed water to flow directly to the 
point of use. A small bleeder G is opened when the 
valves C’ and D are closed, in order to make sure that there is no leakage. A gauge is attached 
at H. When the meter is tested, the valves C, D, and F are closed, and the valves # and I 
are opened. The water flows from the valve J to a tank placed on weighing scales. In testing 
the meter the rate of flow should be the same as that on the test, and the water leaving the 
meter is throttled at the valve J until the pressure shown by the gauge H is the same as that 
indicated when the meter is running under the normal conditions. The piping leading from the 
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valve I to the tank is arranged with a swinging joint, consisting merely of a loosely fitting 
elbow, so that it can be swung readily into the tank or away from it. After the desired 
pressure and rate of flow have been secured, the end of the pipe is swung into the tank the 
instant that the pointer of the meter is opposite some graduation mark on the dial, and the 
water continues to empty into the tank. The tests should be made by starting and stopping 
at the same graduation mark on the meter dial, and continued until at least 10 or 20 cut. 
are discharged for one test. The water collected in the tank is then weighed. 

The water passing the meter should always be under pressure in order that any air in 
the meter may be discharged through the vents provided for this purpose. Care should be 
taken that there is no air contained in the water. The meter should be tested both before and 
after the engine trial, and several tests be made of the meter in each case in order to obtain 
confirmative results. It is well to make preliminary tests to determine whether the meter works 
satisfactorily before connecting it up for an engine trial. The results should agree with each 
other for two widely different rates of flow. 

6. Duration of Test. The duration of a test should depend upon its character and the 
objects in view, and in any case the test should be continued until the consecutive readings of 
the rates at which oil or gas is consumed, taken at say half-hourly intervals, become uniform 
and thus verify each other. If the object is to determine the working economy, and the period 
of time during which the engine is usually in motion is some part of twenty-four hours, the 
duration of the test should be fixed for this number of hours. If the engine is one using coal 
for generating gas, the test should cover a long enough period to determine with accuracy the 
coal used in the gas producer; such a test should be of at least twenty-four hours’ duration, 
and in most cases it should extend over several days. 

7. Starting and Stopping a Test. In a test for determining the maximum economy of-an 
engine, it should first be run a sufficient time to bring all the conditions to a normal and con- 
stant state. Then the regular observations of the test should begin, and continue for- the 
allotted time. 

If a test is made to determine the performance under working conditions, the test should 
begin as soon as the regular preparations have been made for starting the engine in practical 
work, and the measurements should then commence and be continued until the close of the 
period covered by the day’s work. 

8. Measurement of Fuel. If the fuel used is coal furnished to a gas producer, the same 
methods apply for determining the consumption as are used in steam boiler tests. 

If the fuel used be gas, the only practical method of measurement is the use of a meter 
through which the gas is passed. Gas bags should be placed between the meter and the engine 
to diminish the variation of pressure, and these should be of a size proportionate to the quantity 
used. When a meter is employed to measure the air used by an engine, a receiver with a 
fiexible diaphragm should be placed between the engine and the meter. The temperature and 
pressure of the gas should be measured, as also the barometric pressure and temperature of the 
atmosphere, and the quantity of gas should be determined by reference to the calibration of 
the meter, taking into account the temperature and pressure of the gas. [See Section 5 (d)]. 

If the fuel is oil, this can be drawn from a tank which is filled to the original level at the 
end of the test, the amount of oil required for so doing being weighed; or, for a small engine, 
the oil may be drawn from a calibrated vessel such as a vertical pipe. 

In an engine using an igniting flame the gas or oil required for it should be included in 
that of the main supply, but the amount so used should be stated separately, if possible. 

9, Measurement of Heat-Units Consumed by the Engine. The number of heat units used 
is found by multiplying the number of pounds of coal or oil or the cubic feet of gas consumed, 
by the total heat of combustion of the fuel as determined by a calorimeter test. In determining 
the total heat of combustion no deduction is made for the latent heat of the water vapor in 
the products of combustion. There is a difference of opinion on the propriety of using this 
higher heating value, and for purposes of comparison care must be taken to note whether this 
or the lower value has been used. The calorimeter recommended for determining the heat of 
combustion is the Mahler, for solid fuels or oil, or the Junker for gases, or some form of 
calorimeter known to be equally reliable. (See Poole on “The Calorific Power of Fuels’). 

It is sometimes desirable, also, to have a complete chemical analysis of the oil or gas. The 
total heat of combustion may be computed, if desired, from the results of the analysis, and 
should agree well with the calorimeter values. 

In using the gas calorimeter, which involves the determination of the volume instead of the 
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weight of the gas, it is important that this should be reduced to the same temperature as that 
corresponding to the conditions of the engine trial. The formula to be used for making the 
reduction is that already given in Section 5 (d). 

For the purpose of making the calorimeter test, if the fuel used is coal for generating gas 
in a producer, or oil, samples should be taken at the time of the engine trial, and carefully 
preserved for subsequent determination. If gas is used, it is better to have a gas calorimeter 
on the spot, samples taken, and the calorimeter test made while the trial is going on. 

10. Measurement of Jacket Water to Cylinder or Cylinders. The jacket water may be 
measured by passing it through a water meter or allowing it to flow from a measuring tank 
before entering the jacket, or by collecting it in tanks on its discharge. 

11. Indicated Horse-Power. The directions given for determining the indicated horse-power 
for steam engines apply in all respects to internal combustion engines. 

The indicated horse-power should be determined from the average mean effective pressure 
of diagrams taken at intervals of twenty minutes, and at more frequent intervals if the nature 
of the test makes this necessary. With variable loads, such as those of engines driving generators 
for electric railroad work, and of rubber-grinding and rolling-mill engines, the diagrams cannot be 
taken too often. In cases like the latter, one method of obtaining suitable averages is to take 
a series of diagrams on the same blank card without unhooking the driving cord, and apply the 
pencil at successive intervals of ten seconds until two minutes’ time or more has elapsed, thereby 
obtaining a dozen or more indications in the time covered. This tends to insure the deter- 
mination of a fair average for that period. In taking diagrams for variable loads, as indeed for 
any load, the pencil should be applied long enough to cover several successive revolutions, so 
that the variations produced by the action of the governor may be properly recorded. To 
determine whether the governor is subject to what is called “racing” or “hunting,” a variation 
diagram should be obtained; that is, one in which the pencil is applied a sufficient time to 
cover a complete cycle of variations. When the governor is found to be working in this manner, 
the defect should be remedied before proceeding with the test. 


Notrs.—When the engine is governed by the hit-and-miss principle the diagrams taken on one card 
should in any case cover the series of consecutive explosions, and the mean diagram should be used as 
the basis of calculations. 


The most satisfactory driving rig for indicating seems to be some form of well-made panta- 
graph, with driving cord of fine annealed wire leading to the indicator. The reducing motion, 
whatever it may be, and the connections to the indicator, should be so perfect as to produce 
diagrams of equal lengths, and produce a proportionate reduction of the motion of the piston 
at every point of the stroke, as proved by test. 

To test the accuracy of the reducing motion without making special preparations for a 
thorough examination, it is sufficient to make a comparison between the actual proportion of 
the stroke covered and the apparent proportion measured on the indicator, and see how they 
agree. This may be done on a large engine by making the comparison wherever it happens to 
stop, and repeating the comparison when it has stopped with the piston at some other point 
of the stroke. With an engine which can be turned over by hand, or where auxiliary power is 
provided for moving it, the comparison may be made at a number of equidistant points in the 
stroke. To make the test properly, a diagram should be taken just before stopping, and this 
will serve as & reference for the measurements taken aiter stopping. The actual proportion of 
stroke covered is determined by measuring the distance which the piston has moved and 
comparing it with the whole length of the stroke, making sure that the slack has all been taken 
up. To obtain the apparent indication from the diagram, the indicator pencil is moved up and 
down with the finger so as to make a vertical mark on the diagram, and the distance of this 
mark from the beginning of the diagram compared to the whole length of the diagram is the 
proportion desired. 

It is necessary, of course, to go through these operations without changing in any way the 
adjustment of the driving cord of the “indicator, or any part of the mechanism that would alter 
the movements of the indicator. 

In the manipulation of the indicator it is important to keep the instrument in clean 
condition and preserve it in mechanically good order. Ordinary cylinder oil is the best material 
to use for lubricating the indicator piston for pressures above the atmosphere. It is better to 
have the piston fit the cylinder rather loosely—so as to get absclute freedom of motion—than to 
have a mechanically accurate fit. In the latter case, extreme care. and frequent cleanings are 
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required to obtain good diagrams. No diagram should be accepted in which there is any 
appearance of want of freedom in the movement of the mechanism. A ragged or serrated line 
in the region of the expansion or compression lines is a sure indication that the piston or some 
part of the mechanism sticks; and when this state of things is revealed the indicator should not 
be trusted, but the cause be ascertained and a suitable remedy applied. An indicator which is 
free when subjected to a steady pressure, as it is under a test of the springs for calibration, 
should be able to produce the same horizontal line, or substantially the same, after pushing the 
pencil down with the finger, as that traced after pushing the pencil up and subsequently tapping 
it lightly. When the pencil is moved by the finger, first up and then down, the piston being 
subjected to the pressure, the movement should appear smooth to the sense of feeling. 

The pipe connections for indicating gas and oil engines should be removed as far as possible 
from the ports and ignition devices, and made preferably in the cylinder head. The pipes should 
be as short and direct as possible. Avoid the use of long pipes, otherwise explosions of the 
gas in these connections may occur. 

Ordinary indicators suitable for indicating steam engines are much too lightly constructed 
for gas and oil engines. The pencil mechanism, especially the pencil arm, needs to be very 
strong to prevent injury by the sudden impact at the instant of the explosion; a special gas- 
engine indicator is required for satisfactory work, with a small piston and a small spring. 

12. Brake Horse-Power. The determination of the brake horse-power, which is very 
desirable, is the same for internal-combustion as for steam engines. 

This term applies to the power delivered from the fly-wheel shaft to the engine. It is the 
power absorbed by a friction brake applied to the rim of the wheel, or to the shaft. A form of 
brake is preferred that is self-adjusting to a certain extent, so that it will, of itseif, tend to 
maintain a constant resistance at the rim of the wheel. One of the simplest brakes for 
comparatively small engines, which may be made to embody this principle, consists of a cotton 
or hemp rope, or a number of ropes, encircling the wheel, arranged with weighing scales or 
other means for showing the strain. An ordinary band brake may also be constructed so as 
to embody the principle. The wheel should be provided with interior flanges for holding water 
used for keeping the rim cool. 

A self-adjusting rope brake is illustrated in Fig. 726, where it will be seen that, if the 
friction at the rim of the wheel increases, it will lift the weight A, which action will diminish 




















Fia. 726. 


the tension in the end B of the rope, and thus prevent a further increase in the friction. The 
same device can be used for a band brake of the ordinary construction. Where space below 
the wheel is limited, a cross bar, C, supported by a chain tackle exactly at its center point, 
may be used as shown in Fig. 726, thereby causing the action of the weight on the brake to 
be upward. A safety stop should be used with either form, to prevent the weights being 
accidentally raised more than a certain amount. 

The water-friction brake is especially adapted for high speeds and has the advantage of | 
being self-cooling. The Alden brake is also self-cooling and is capable of fine adjustment. 

‘A water-friction brake is shown in Fig. 727. It consists of two circular disks, A and B, 
attached to the shaft C, and revolving in a case, £, between fixed planes. The space between 
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the disks and the planes is supplied with running water, which enters at D and escapes at the 
cocks F, G, and H. The friction of the water against the surfaces constitutes a resistance 
which absorbs the desired power, and the heat generated within is carried away by the water 
itself: The water is thrown outward by centrifugal action and fills the outer portion of the 
ease. The greater the depth of the ring of water, the greater amount of power absorbed. By 
suitably adjusting the amount of water entering and leaving any desired power can be obtained. 
Water-friction brakes have been used successfully at speeds of over 20,000 r.p.m. 

13. Speed. There are several reliable methods of ascertaining the speed, or the number of 
revolutions of the engine crank-shaft per minute. The simplest is the familiar method of 
counting a number of turns for a period of one minute with the eye fixed on the second hand 
of a time piece. Another is the use of a counter held for a minute or a number of minutes 
against the end of the main shaft. Another is the use of a reliable tachometer held likewise 
against the end of the shaft. The most reliable method, and the one we recommend, is the 
use of a continuous recording engine register or counter, taking the total reading each time 
that the general test data are recorded, and computing the revolutions per minute corresponding 
to the difference in the readings of the instrument. When the speed is above 250 r.p.m., it is 
almost impossible to make a satisfactory counting of the revolutions without the use of some 
kind of mechanical counter. 

The determination of variation of speed during a single revolution, or the effect of the 
fluctuation due to sudden changes of the load, is also desirable, especially in engines driving 
electric generators used for lighting purposes. There is at present no recognized standard method 
of making such determinations, and if such are desired, the method employed may be devised 
by the person making the test and described in detail in the report. 

One method suggested for determining the instantaneous variation of speed which accom- 
panies a change of load, is as follows: A screen containing a narrow slot is placed on the end 
of a bar and vibrated by means of electricity. A corresponding slot in a stationary screen is 
placed parallel and nearly touching the vibrating screen, and the two screens are placed a short 
distance from the fly-wheel of the engine in such a position that the observer can look through 
the two slots in the direction of the spokes of the wheel. The vibrations are adjusted so as to 
conform to the frequency with which the spokes of the wheel pass the slots. 

When this is done the observer viewing the wheel through the slots sees what appears to 
be a stationary fly-wheel. When a change in the velocity of the fly-wheel occurs, the wheel 
appears to revolve either backward or forward according to the direction of the change. By 
careful observations of the amount of this motion, the change of angular velocity during a 
given time is revealed. 

Experiments that have been made with a device of this kind show that the instantaneous gain 
of velocity, upon suddenly removing all the load from an engine, amounted to from one-sixth 
to one-quarter of a revolution of the wheel. 

In an engine which is governed by varying the number of explosions or working eycles, a 
record should be kept of the number of explosions per minute; or if the engine is running at 
nearly the maximum load, by counting the number of times the governor causes a miss in the 
explosions. 

One way of mechanically recording the explosions is to attach to the exhaust pipe a cylinder 
and piston arranged so that the pressure caused by the exhaust gases operates against a light. 
spring and moves a register, which is provided for automatically counting the number. 


Norr.—An instrument for this purpose has been devised by R. Mathot. The following description 
is from his book on ‘‘Modern Gas Engines and Producer Gas Plants’’: 

The instrument, Fig. 728, is somewhat similar in form to the ordinary indicator. Its record, however, 
is made on a paper tape which is continuously unwound. The cylinder c is provided with a piston p, 
about the stem of which a spring s is coiled. A clock train contained in the chamber b unwinds the 
strip of paper from the roll p’ and draws it over the drum p”’, where the pencil ¢ loaves the mark. The 
tape is then rewound on the spindle p’”. A small stylus or pencil f traces the atmospheric line on the 
paper as it passes over the drum p’’. In order to obviate the binding of the piston p when subjected to 
high temperature of the explosions, the cylinder ¢ is provided with a casing e in which water is circulated 
by means of a small rubber tube which fits over the nipple e’. This recorder analyzes with absolute 
precision the work of all engines, whatever may be their speed. It gives a continuous graphic record 
from which the number of explosions, together with the initial pressure of each, can be determined, and. 
the order of their succession. Consequently the regularity or irregularity of the variations can be observed 
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and traced to the secondary influences producing them, such as the action of the inlet and outlet valves 
and the sensitiveness of the governor. It renders it possible to estimate the resistance to suction and 
the back pressure due to expelling the burnt gases, the chief causes 
of loss in efficiency in high-speed engines. Furthermore, the in- 
fluence of compression is markedly shown from the diagram ob- 
tained. 

The recorder is mounted on the engine; its piston is driven back 
by each of the explosions to a height corresponding with their force; 
and the stylus or pencil controlled by the lever ¢ records them side 
by side on the moving strip of paper. The speed with which this 
strip is unwound conforms with the number of revolutions of the 
engine to be tested, so that the records of the explosions are placed 
side by side clearly and legibly. 

Their succession indicates not only the number of explosions and 
of revolutions which occur in a given time, but also their regularity, 
the number of mis-fires. The pressure of the explosions is measured 
by a seale connected with the recorder-spring. By employing a 
very weak spring which flexes at the bottom simply by the effect 
of the compression in the engine cylinder, it is possible to ascertain 
the amount of the resistance to suction and to the exhaust. It is 
simply sufficient to compare the explosion record with the atmospheric 
line, traced by the stylus f. By means of this apparatus, and of 
the records which it furnishes, it is possible analytically to regulate 
the work of an engine, to ascertain the proportion of air, gas, or 
hydrocarbon which produces the most powerful explosion, to regu- 
late the compression, the speed, the time of ignition, the temperature, 
and the like. Fic. 728, 





14, Recording the Data. The time of taking weights and every observation should be 
recorded, and note made of every event, however unimportant it may seem to be. The pressures, 
temperatures, meter readings, speeds, and other measurements should be observed every 20 or 
30 minutes when the conditions are practically uniform, and at more frequent intervals if they 
are variable. Observations of the gas or oil measurements should be taken with special care at 
the expiration of each hour, so as to divide the test into hourly periods, and reveal the 
uniformity, or otherwise, of the conditions and results as the test goes forward. 

All data and observations should be kept on suitable prepared blank sheets or in note books. 

15. Uniformity of Conditions. When the object of the test is to determine the maximum 
economy, all the conditions relating to the operation of the engine should be maintained as 
constant. as possible during the trial. 

16. Indicator Diagrams and their Analysis. Sample Diagrams: Sample diagrams nearest 
to the mean should be selected from those taken during the trial and appended to the tables 
of the results. If there are separate compressions or feed cylinders, the indicator SEES: 
from these should be taken and the power deducted from that of the main cylinder. 

17. Standards of Economy and Efficiency. The hourly consumption of heat, determined 
as pointed out in Article 9, divided by the indicated or the brake horse-power, is the standard 
expression of engine economy recommended. 

In making comparisons between the standard for internal-combustion engines and that for 
steam, it must be borne in mind, that the former relates to energy concerned in the generation 
of the force employed, whereas in the steam engine it does not relate to the entire energy 
expended during the process of combustion in the steam boiler, The steam engine standard 
does not cover the losses due to combustion, while the internal-combustion engine standard, 
in cases where a crude fuel such as oil is burned in the cylinder, does cover these losses. To. 
make a direct comparison between the two classes of engines considered as complete plants for 
the production of power, the losses in generating the working agent must be taken into account 
in both cases and the comparison must be on the basis of the fuel used; and not only this, 
but on the basis of the same or equivalent fuel used in each case. In such a comparison, where 
producer’ gas is used, and the producer is included in the plant, the fuel consumption, which 
will be the weight of coal in both cases, may be directly compared. 

The thermal efficiency ratio per indicated horse-power or per brake horse-power for internal- 
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combustion engines is obtained in the same manner as for steam engines, and is expresesd by 
the fraction 


2545 
B.T.U. per H.P. per hour’ 


18. Heat Balance. For purposes of scientific research, a heat balance should be drawn 
which shows the manner in which the total heat of combustion is expended in the various 
processes concerned in the working of the engine. It may be divided into three parts: first, the 
heat which is converted into the indicated or brake work; second, the heat rejected in the 
cooling water of the jackets; and third, the heat rejected in the exhaust gases, together with 
that lost through incomplete combustion and radiation. 

To determine the first item, the number of foot-pounds of work performed by, say, one 
pound or one cubic foot of the fuel is determined; and this quantity divided by 778, which is 
the mechanical equivalent of one British thermal unit, gives the number of heat units desired. 
The second item is determined by measuring the amount of cooling water passed through the 
jackets, equivalent to 1 Ib. or 1 cu.ft. of fuel consumed, and calculating the amount of heat 
rejected, by multiplying this quantity by the difference in the sensible heat of the water leaving 
the jacket and that entering. The third item is obtained by the method of differences; that is, 
by subtracting the sum of the first two items from the total heat supplied. The third item can 
be subdivided by computing the heat rejected in the exhaust gases as a separate quantity. The 
data for this computation are found by analyzing the fuel and the exhaust gases, or by 
measuring the quantity of air admitted to the cylinder in addition to that of the gas or oil. 

19. Report of Test. The data and results of a test should be reported in the manner 
outlined in one of the following tables, the first of which gives a complete summary when all 
the data are determined, and the second is a shorter form of report in which some of the 
minor items are omitted. 

20. Temperatures Computed at Various Points of the Indicator Diagram. The compu- 
tation of temperatures corresponding to various points in the indicator is, at best, approximate. 
It is possible only where the temperature of one point is known or assumed, or where the 
amount of air entering the cylinder along with the charges of gas or oil, and the temperature 
of the exhaust gases, is determined. 

If the amount of air is determined for a gas engine, together with the necessary tempera- 
tures, so that the volume and the temperature of the air entering the cylinder per stroke, and 
that of the gas are known, we may, by combining this with the other data, compute the 
temperature for a point in the compression curve. In this computation we must allow for the 
volume of the exhaust gases remaining in the cylinder at the end of the stroke. The tempera- 
ture at the point in the compression curve where it meets or crosses the atmospheric line. will 
be given by the formula: 


491.4 V’ 
Vi 4virey 








ABQ AS in vac tueihe aeenn 


where V’ is the total volume corresponding to the point where the compression curve meets 
or crosses the atmospheric line; V’ the volume of the air at atmospheric pressure entering the 
cylinder during each working cycle, reduced to the equivalent volume at 32° F.; V’” the 
volume of the gas consumed per cycle reduced to the equivalent at atmospheric pressure and 
32° F.; and V’’”” the volume of the exhaust gases retained in the cylinder reduced to the 
same basis. To reduce the actual volumes to those at 32° F., multiply by the ratios of 
491.4+(7’+459.4), where 7’ is the observed temperature of the air and of the gas used as fuel. 
For the exhaust gases retained in the cylinder at the end of the stroke 7’ may be taken as 
the temperature of the exhaust gases leaving the engine, provided the engine is not of the 
“scavenging” type. 

Having determined the temperature of a point in the compression curve, the temperature 
of any point in the diagram may be found by the equation 


P 
T.=(T +4504) 450.4. oO RON Sole Creo, ern Sete 
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Here T; is the desired temperature of any point in the diagram where the absolute pressure 
is P, and the total voulme V,, and P and V are the corresponding quantities for the point in 
the compression line having the temperature 7’ computed from the formula (A). 

Formula (8) holds only where the weight of the gases contained in the cylinder is constant. 
It is also assumed in this formula that the density of the gas compared to air at the same 
temperature and pressure is the same before and after the explosion. 

A second method may be employed, provided the air which enters the cylinder is measured. 
This will allow for any difference in the density of the gas before and after explosion, and more 
exact values for temperatures on the expansion curve may be obtained than by the first method. 

In this method the density of the exhaust gases compared to air at the same temperature 
and pressure is computed, assuming perfect combustion, and including the effect of the water 
vapor present; and from this density the volume of the gases exhausted per cycle is determined. 
If this volume exhausted per cycle, added to the volume of the gas retained in the clearance 
space at .the end of the stroke, be called V in equation (6), and JT be the observed temperature 
of the exhaust gases, this equation may be used for determining the temperature of any point 
in the diagram in the way already described. This method is more complicated than the first, 
as it involves the determination of the theoretical density after explosion, but it possesses the 
advantage that it may be applied to an oil as well as to a gas engine. 

A third method of computing the temperature of the various points in the diagram may be 
employed where analyses of the exhaust gases as well as of the fuel have to be made. This 
method is more complicated than the first, but, in common with the second, it possesses the 
advantage that it may be applied to an oil as well as to a gas engine. 

In applying the third method the volume of the exhaust gases discharged per working cycle 
would be given by the formula: 


Vi=p (Rw tu), Meteo arene ieee as (3) 


where D is the density of the exhaust gases at their observed temperature, computed from the 
analysis, assuming the vapor of water produced through burning the hydrogen in the fuel to 
be in a gaseous state; R the weight of the air which enters the cylinder per pound of fuel 
consumed per working cycle; the value of R, providing there are no unconsumed hydrocarbons, 
“may be computed by employing the formula: 


NC 
R="33(60,400)’ 2 
where N, CO, and CO represent the proportions, by volume, of the several constituents of the 
exhaust gases, and © the weight of carbon consumed and converted to CO, or CO per pound 
of fuel burned, computed from the analysis of the fuel and of the exhaust gases. 

Having determined the volume V, of the exhaust gases, formula (B) may be used-in com- 
puting the temperature, in which case 7’ will represent the temperature of the exhaust gases, _ 
as in the second method, P the pressure of the exhaust, and V the volume of the exhaust 
gases V, discharged per stroke, added to the volume of the gases retained in the cylinder at 
the end of the stroke. ; 

The value of R given in equation (D) is approximate, on account of the fact that the 
percentage of N should be that due to the air alone, and not that due to the air in addition 
to that contained in the fuel gas. Where extreme accuracy is desired, the value found for R 
may be used to determine the percentage of N which in the analysis of the exhaust gases is 
due to the N in the fuel gas, and this value may be subtracted from the total N shown by 
the analysis of the fuel gases, in order to obtain the correct value of N to be used in equation 


(D). 
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‘ TaBLE 150 
DATA AND RESULTS OF TEST OF GAS OR OIL ENGINE 


Arranged according to the Complete Form advised by the Engine Test Committee, American Society of 


Mechanical Engineers. Code of 1902. 


De Mivde Dy cde Gace Seca soe Nair cee restore! OL oe selpovaheaiaiy ose Rec DR ERCUI? fe oe ae 
On engine: located ates 5.45 Ceiesgaans wwe seoy coe aeelse Selene ten Opec Conese eee Re Noa ee eS nee een e 
to determine... iis ee sapere ese cede Sue whe Ln oiaicol cones SAO ON SCRE ef 

De Date Ob tral so eva rs 0-5 Sosa oe w he elie ered as enesars fan ones teem eel eave peu ates ER eR a ee et 

3: Type-of engine, whether oil or gas.c2. tro aac cen eee eee nee ee a te 

4. Class of engine (mill, marine, motor for vehicle, pumping, or other).................2...0.. eee eu nee 

5. Number: of revolutions for one cycle; and. classvof cycles... 1... eee ee eee ieee ee ene 

GreMethod of omition 2%) aps. ops ice aera si oto eter ofan lett oyalie| syst fer ete eee reese ie tence ee 

Le Name Of bullders soos a as iaiue win sees ie 5 S08 leas cae erehs Ss Tele, Us ope SC oan Re ee 

8: Gas OT Ol Used sive phe cis aie 9 3,2 die seer e sees is was ce en cal suse ee ae CORE ent 
(a) Specific eraivabys hie ae. SRO ans alate catraraie aha kis 2 or ote eee nee deg. Fahr. 
(@)y Burning-poin tae. 2 «ons Seven tease couits le, eisai este pee ee Re een eee ees “6 
(CO iH Ets) abba sen oo) hat RGR A reer cHe ie as Can Pan ee ree ae noeareiiegt Sec WAAb cidoan Ggcuewasot «8 

9. Dimensions of engine: 

1st Cyl 2d Cyl.. 

(a) Class of cylinder (working or for compressing the charge).................. 
(Oy Verticalvorshorizontall i eens Ao i eee cat aes Seer ee eee 
(c)ASmele= or dotiblesachin go. a scmesen a. ayeaee earner Sener Coe ee en 
(dys Cylindersdimen sions... tachi eee oe ae cee Te 
b Bion crab h baa aan Peat anie st sonnet ieee ote CMa sr icis MIAN Acks vesinie cet. cata tid G 
ge) COME QR i eece NR RU tireh menos er hab Ree old atin an atyGrmya Miers 6 eects o's ite ® 
Dismeter! piston! rods iniwes oct. sole eke oc ates naar 
Diameter taibrody ines Ae * Aerts sheckler inno eo eee eae 

(e) Compression space.or clearance in per cent of volume displaced by piston per 
Stroke: «ih awiteesna us Stpersio ays tebe po-< eset nen Gay. eae ge Ree emer 

Ne Res: KolE(-\ clo Ruma Aegean Tatar aR i RAG i us Re ala ahr magia Ore 
C@ragik: Gnd si oes ye ao eerie le ened cies ck Steag tee ema EAPC ROo ES Peta Om fe cae onl 
ASVETAGE ji eisnc) peels opal) Sere alo els ef este eRe eae REE Oe re 
(*icSurtace in-squareifeet (average) a1... steel an eet ee ee ere eee 
Barrélioiey lind ersten saute aurea ciacasdcesas se eh eee itn cee eee cn ne ees 
Cylinder headsh Posatciey cc sista aceite eee Toe 
Clearance sand Spo rtatesc soa epee eas aren Seas eo a eee 

nds) Of pistons. ngea se ip ohne eager oad, oc Pege epee Gest Rae ara a cack ene 
Piston rode sqes: Sc etay Ses. at ae ere em ater Pee Men errs wiht ae es cial 

(g) Jacket surfaces or internal surfaces of cylinder heated by jackets, in square feet 
Barrelcof eylinderstesrr-r eerie stn stae sue ica sete ea eee ee cee ee 
Cylindervneads:crsapa cue ercta checiore ss see shen eA ie OS evra ce 
Clearance and sportse heey ncts co aitot eicaisie Soe Saetien terse Sane ty oo Pee ge 

(hk) Horse-power constant for 1 lb. M.E.P., and one revolution per minute........ 


10. Give description of main features of engine and plant, and illustrate with drawings of same given on 


an appended sheet. Describe method of governing. State whether conditions were constant. 
throughout the test. 


Total Quantities 


TPAD Grarblon sor GeBt o's scateane eeecaae el een): eeca SAARC cee eee ee ee ee hours. 

1D Gasior oll Gomsuimed , c's. are cist eeseitns ssaast c) das eee SRN TS oo a cu.ft. or lbs. 

13: "Aur. suppliedsin- cubic £66642. ...5 | jeehnon oe ciety eee ee oles ees eden tee Aa ee eee ae ee cubic feet. 

14 Coolingawater; supplied stor jackets: <1 iim. sen eee mice rOr t ceea eeeee uy 

15. Calorific value of gas or oil by calorimeter test, determined by......................--. Bas 
Hourly Quantities 

16: Gas /oroiltconsumedi per hours: «ya. cage cee cuca hae halereer ea caller eT coe cu.ft. or Ibs. 


172 Cooling waternsuppued sper hour. jacana rae eta ere ees Arey tae Te Or Ibs. 





18. 
iKg) 


20. 


21. 
22. 


23. 


24. 


25. 


26. 


27. 


28. 
29. 


30. 
31. 
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Tastn 150—DATA AND RESULTS OF TEST OF GAS OR OIL ENGINE—Continued 


Pressures and Temperatures 


Pressure at meter (for gas engine) in inches of water..............cecececeeeeecevesseee ins. 
Barometric pressure of atmosphere: 

@ekeadingvatheizhtofabaromecensurinaaiseidor saci «ces alee ne oe 

(Oye eran cfontemperpiiure of barometer... Jo.0e0ce sss). 540 esa eaten ee deg. Fahr. 

@meadinazotsbarometer corrected to 32° Pahten... 0 ose oe eee ee eae ins. 
Temperature of cooling water: 

(@)) MES. 5 02.0 So Rh RRO act O18 oO CIE DEES ete noe PP re Math Pio ee eee ae deg. Fahr. 

(ORO UUM MRE iar teva eTA Ts See Noe aves srs ecursiels S ascanelhs sacar dese mr ee REE ea aE SS Ser Rae ee us 
Wemiperavure of eas at meter (forigasengine).¢.-... eens. se eusuie coves sue cee dte see. BY 
Temperature of atmosphere: 

(mine oulbmuaermo meters aciusatisleasitciciin ics ¥ epseeania co tose OS ahaa cet eR a ee 

CO) MV eto OUMomiNerinameterinrettysree «a scicais ctin ates cho clas wot a eR rc ea ins 

(O) MD eereeno mei by ayer tare. ccmeetepiars atneie sa-i asso fee iechends abil ce Bea eR eran) a ote eae per cent 
ME CIDE TA UML Folge MMAVULS bu PASCSN araheatceeerc seve uot wpe nol Wa aes Arava eon aiteae mattis ul enone eae deg. Fahr. 

VOCS UGH G Caeege Merny ta fecsyiter cecal shat sete Sie caste Sever ctoaivo, oh HE. ha ene NE Ae a 

Data Relating to Heat Measurement 

Heat units consumed per hour (lbs. of oil or cu.ft. of gas per hour multiplied by the total 


heat of combustion) 2 NO A AS cach a REE RNR Ey LARC MOG ER TRC a See Nic IPRS ths mace oN Bale 
Heat rejected in cooling water: 

(OMUOtaepOrRIO User trea tst cc ciclecie + ese tniantm aa iayeneerpatate asbestos Tae ace AMO che aan a 

(b) In per cent of heat of combustion of the gas or oil consumed...................... per cent 
Sensible heat rejected in exhaust gases above temperature of inlet air: 

(QD) mo aul ere AO Ue ae Met: race tensy Shree aes p35 stein ol ssteoohve esS) Shp) hear) ihe taney spot Fak & LENS Jo, Slaw Steak ge eine. alelress Bolwe 

(b) In per cent of heat of combustion of the gas or oil consumed....................04 per cent 
Heat lost through incomplete combustion and radiation per hour: 

(GAN mio etme INO Ute prtataetac stared. uf ices Eh eotte es. 0 Migs Seeehs eget @ta ste wl hresas, cos aleathac ieee aiid <rersas Ben we 

(b) In per cent of heat of combustion of the gas or oil consumed....................4- per cent 

Speed, Htc. 

IVEVOMOHIONS  POMLMITUES ere = 5 wl citepis. sae ccm sesdi gece Napee an ole ws oe ae ema Si agite asta atarsiar aroha rev. 
Avera vemmunbenoime xplOoslons per MUNUte.). 000 scene eisai ks ease eels pute labs as 

HAO Wale VENTING Citra sete acd ss. 5 aosy tere apchn, ¢ caslapornsaan katate Shordbe oo aPe seit Milbemeere eettchaels cer alky 
Variation ofspecaspeuween no load and! fullloadie aes wee cy oe see ie rey. 
Fluctuation of speed on changing from no load to full load measured by the increase in 


the revolutions due to the change. 


Indicator Diagrams 
Ist Cyl. 2d Cyl. 


32. Pressure in Ibs. per sq.in. above atmosphere: 
(Gi), NA Ip ae UNTC, TOTS WIRE oper SORE NO een OD NRE LO cnc Loech ea Ol HaSOLOS Re OE Ce cs 
(Dy WFSSE IRS OtsieBl osios eke MOO cos Sapo n bien Meio oo bora dodo. clo See adaadld coma 
(C\mbrersunesau encore xpamslommrenn vncit waaldt ckors irom 197 seule meaeestal revue uetetl 
(ad). USL oolsieh | OSS WTS cos ore Ginter ey Gee nly o:9 aro cer ai GO tan Gh lor omer ain re aati tomes omic mee 
33. Temperatures in deg. F. computed from diagrams: 
(a) Maximum temperature (not necessarily at maximum pressure)............-- 
(OD) JOE RENEE aN Gom prusioe one bit oo no abeacqdeace Canrince sen saci cada 
 @) Nwcingl CUNT Oo era snes e Mende Sooo Cho ahah aoa bn ohn uous 
(Gh). Diwudingss Oo oe. tear bed 15 BARRA UD OU MOR eC onAy On sa 4 OOO Rom ene aon oom 
34. Mean effective pressure in lbs. per Sq.-in.... 0.606. - eee eee eet ee eee eee 
Power 
35. Power as rated by builders: 
(a) Indicated horse-power...... sss ece veer eevee ete t eens neon s eter een een cenones HPs 
(@)) ENGI. 14-viken a bobs needle obo polads oporD DES SOUEOben tooo URGnCcuDO Loo pDnD scan ,t62 a 
36. Indicated horse-power actually developed: 
Bis urO wen a cy ca Kone os Mamie oe ie sles cnele sss wn ala (ae len Win oye » avayeleinieseinis Malia eae ® . 
Seemed Gudinder yc cke <4 cc cd sje viet Hints cee isle Sorie-n mises ie ons oe Slosnls a.m see apnea ain age i 
otal etd eigoixhn «emis gee < ay anes tr a lahnln amuag eee weve elon Wn mage sien te 
37. Brake H. P., electric H.P., or pump H.P., according to the class of engine. . oe 
38. Friction indicated Jalal es from diagram, with no load on engine and ‘computed fore av! verage 
FEST Pe 9 ees eR ah POC I FOEeC c O.P cre eh han, oa du ree seer aero rlc) Ag ae 
39. Percentage of indicated H.P. LOSH INTO HOR tee eas teed, conse et ehior eh aratetthce cate aN Re oes per cent 
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Tape 150—DATA ‘AND RESULTS OF TEST OF GAS OR OIL ENGINE—Continued 
, Standard Efficiency Results 


40. Heat units consumed by the engine per hour: 


(@)- Per indicated horse-power isc sancic os 23s Gack Shee ee IO oe ee een IB BARS Ue 

(6). Per brake: horse-o wer mrcis 3. 35 cet dary hae Nese sos a ee ee Oa ee eer ee ee 
41. Heat units consumed by the engine per minute: 

(@)* Per indicated borse-power™.«...lrayaecis tse a baits aint el ee Rat onthe ee a ONT és 

(by) Per brake horsepower wi cia ic.f ete s aioretns as ss oredors ee eee one are eee oe Eg 
42. Thermal efficiency ratio: 

(a) Per indicated horse-power.......... Fear ani ToaPrer ere rivelo aaa ohn ston ano oe per cent 

(6) Per brake horse-powers rove ss sce sense teas Scho re ey enero Ay eR eae a zo 


Miscellaneous Efficiency Results 


43. Cubic feet of gas or lbs. of oil consumed per H.P. per hour: 
(@)i, Pervindicated thorse=-powernc s: face terse srk erie ee ee cee a ee 
(6) Per brakeshorsée=powers .e sete heal 2 wise 2 wa eS notte LR eee te 


Heat Balance 


44. Quantities given in per cents of the total heat of combustion of the fuel: 


(a) Heat equivalent of indicated horse-power.....................--. Pree ais aS per cent 
(G): Heatirejected im cooline waiter hamqarerc- 6 cam) cots ech eens eae ne pres eee ete oY 
(c) Heat rejected in exhaust gases and lost through radiation and incomplete combustion ae 
Sum = 100 & 
Subdivisions of Item (c): 
(Cp) Heat-réjected. im exhaust (Gases tyne a < sy. ui atts qannn ee cooler eee eee rs a 
(G) Lostithrouch incomplete comibustiony rane elu aero eee era eae £4 
(¢;)) Lost throughtradiation, and unaecounted for esse ac eoceee aa cee eee oe 
Sums Ntemig(c)y eae ates ie men eee Aen: Shee: 


Additional Data 


Add any additional data bearing on the particular objects cf the test or relating to the special class 
of service for which the engine is to be used. Also give copies of indicator diagrams nearest the mean 
and the corresponding seales. “Where analyses are made of the gas or oil used as fuel, or of the exhaust 
gases, the results may be given. in a separate table. 


TABLE 151 


DATA AND RESULTS OF STANDARD HEAT TEST OF GAS OR OIL ENGINE 


Arranged according to the Short Form advised by the Engine Test Committee, American Society 
of Mechanical Engineers. Code of 1902 


Te Made Ibye sic aes se RS OMS A OS ae Sains of 
on engine located at 
to determine 


ehevio):p/ieile Tw! (es mle.tutu) [er.e) 16) @) (ui. {orta eral an eical te) e¥el inini\e) ©) ,« “elisu'v (pie), elke coh ele! pdaiiu ,e) efiell'e) ¥) wi w)/alleialiwi a to) Cus! ie iui nual instream incl sfeee e 


(@iqSpecilie era yiby sy sv. desert srso aie ate eceeeera gM kati sacs ee hr en acietteme nscale he Mer esate deg. Fahy. 
COMM Svhaaiaes oop une eA yu aM Cc Oes 95.6 Icke tints cd Goria Atm aGatoo dad ow Gon Be 
(oe) ePlagshing point. Fac tsa teeter oa tye eN ITA eLRAS CLS cae ERG IAL eRe arORe Troha ERE eee os 


5. Dimensions of engine: 
1st Cyl. 2d Cyl. 
(a) Class of cylinder (working or for compressing the charge)............... ae 
(O)mSirclestorsdoublesactin g/X-v-5..t-1ce.terante erace aie eeeeIerse ae aIe ee ee 
(c) Cylinder dimensions: 
ADlop Role cn ME ea OE OrA Ga Ginhy tea nama aA Gee boob onales 
SSR ROL AoC Uf erie a Ae eR Me IEE ete leas Pace cK a Bact Pe teh Oi ie canlid cheery re OGD 
Dismaetengpiston. LOGS Ta soag Bess ewer tee era earn eae ane ee es 
(d) Average compression space, or clearance in per cent................00eee eee 
(e) Horse-power constant for 1 lb. M.E.P. and one revolution per minute 
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Tasie 151—DATA AND RESULTS OF STANDARD HEAT TEST OF GAS OR OIL ENGINE—Continwed 


Total Quantities 


(GG, IDABLEA TORN CONT 1S Sh te Ars esl o.oo dob Sia ceGhaty ener eRe Ce Acree Ps oe ohne Peer hours 
HER GAGLOTIO ECOUSUMLEC Rea trte nutes sears he. o ike Kotecasic ua asain et plats aoe ites Boe eRe cae cu.ft. or lbs. 
8. Cooling water supplied by jackets. 
9. Calorific value of fuel by calorimeter test, determined by .......... Calorimeters sages nye Baleu: 
Pressures and Temperatures 
10: Pressure’at meter Gor gas‘enigine) in inches of water..........cesdeetcctteccrenerescces ins. 
11. Barometric pressure of atmosphere: 
(COMI EHOMMOL OED ATOTMELORS We Wackernk eso nkecuc MeN neon hd War otatte hyaenaete eaprens CRA meat es 
(G)mWeardinouconrected sto, 32 °s Blair rca sveslotaers asin toms Shenm i bide oreilel occ eel eee vn eat oe ae 
12. Temperature of cooling water: 
(CD) UG eee seats te Nor oetsts Cotes cat ecerac Altova ice and ie Wey Me wr ttalapeveen oh et da pe BMedeeeate any Salen kent te deg. Fahr. 
UO (HUME tiecoa eS Weel nee RRO CAR aie ee en i eR, roe ard Dene Ae NC Cia Shae che loko ciate a 
(@) IE SERSE, ONAL TCT CEG ie, aye Rep ieee ieee Merete om Nag F Mniot eee ea nes let aieris acs ccs crete o atc i: 
13. Temperature of gas at meter (for gas engine) 


14. Temperature of atmosphere: 
KO Oye Ul RUNe EMO CtER an ei sfn wavs og Sadan ee ARES tack oe toe ever Petey mae ee deg. Fahr. 
(@). SWicue oveull oil aves ina yTe CES Sapa ee aR CRE er het) Ora One Ree MRR terc ois Haicgel Solo rere Aa re 
USOT MELADILE LO MO RMAs G CASES a ¢ sls )ofas vice ulecer Ae lapeltes nisysicle sols) jn mice sel tudy sh aolsee eee RMA Re yey eee i 
Data Relating to Heat Measurement 
16. Heat units consumed per hour (pounds of oil or cubic feet of gas per hour multiplied by 
GINeRO HME ATTROT ECOL DUStION coitus tave aictedtastearncu ere eae Peer ree ore ee Te AON ain le no MDa Bemus 
leublesnmreyectedsin: cooling. walter per Hour. % 2.5.04 ei-5 somkelies varie ol tists alias an siecolste cide laa " 
Speed, Bic. 
TE, STRGNPOLKEY teva) (OE MaabhenONC Ss aera coe HOM NOOO Cod atin Hebe GGUO Ootiu.7c G0 coCoCemognS rev. 


LO? 


20. 


Average number of explosions per minute 


Indicator Diagrams 


Pressure in lbs. per sq.in. above atmosphere: 
1st Cyl. 2d Cyl 
(a) Maximum pressure 
(b) Pressure just before ignition 
(c) Pressure at end of expansion 
(d) Exhaust pressure 
(e) Mean effective pressure 


Power 
21. Indicated horse-power: 
[DIESE CoA Ps segeoe- ooo mando oO OOM OOOO dpe Beaton eo Geau ooo ea beddn Guna ooOdUEOO dur ingles 
Stone! esfHitesa oes okesemées Aap tmeome ha Gn saw es Faplcon due 1c ude Ooo DIN OTRapONNcOp de rf 
Wotigills 6 o/h ere 8 een eect a ieee a PCN ED ia eeamelcce ond Cero arr oe 
DE. 1enlkes lois (DON eao eee ne ae oye Ooo eibn Sob onee raodmEDogce pod ApoModdoosamaee is 
22) Drichomborse power by triction diagrams: 042 .o pcre) oe jee orients ie orienta) aia « a 
24. Percentage of indicated horse-power lost in friction........... +. sss eee e eee ee eee eee per cent 
Standard Efficiency and Other Results 
25. Heat units consumed by the engine per hour: 
(G) Wapiti heeel ones donesasonaseod bos oe gesdosuonuodooboconpaanoconoueonunoone BelUe 
(6). Per brake: horse-power....<.- 0.046060 defend oeet wine Sha nee cee eel ne elms itn se 
26. Pounds of oil or cubic feet of gas consumed per hour: 
(a) Per indicated horse-power......... 0600. c eect eet ete en tee eee tee eens bs. or cu.ft. 
(b) Per brake horse-power.....0. 0.00.6 cee c ee eee eect ee een eee teens oe 
; Additional Data 


Add any additional data bearing on the particular objects of the test or relating to the special class 


of service for which the engine is to be used. Also give copies of indicator diagrams nearest the mean, 
and the corresponding scales. 
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2. Rules for Testing Gas Producers and Gas Engines 
(Code of the German Society of Engineers’). 
(All metric units have been transposed to English units.) 


The preparation of the following rules for making gas engine and producer tests was under- 
taken by a committee appointed from the Verein Deutscher Ingenieure, in collaboration with the 
German Society of Engine Builders, with the view of establishing definite general regulations 
governing such tests. It is desirable, by specifying the important proportions of the examined 
plants and the conditions under which the results were obtained, to insure that these results 
are not only applicable to a single case, but that they have general value. To attain this end 
it is necessary that all data should be given uniformly according to a code of regulations such 
as that here presented. 

The execution of such tests should be intrusted only to persons possessing the required 
expert knowledge and practical experience. These persons must make a trial plan, or schedule, 
appropriate to the individual case in hand, which, in many instances, will not require that all 
of the investigations stipulated in the general code are actually carried out. They must further 
examine the instruments for measuring or recording purposes as to their fitness and must compile 
the results. The following rules, the adoption or selection of which must be left to the soundness 
of judgment of the investigator, are intended to serve as a basis on which to proceed. 


GENERAL REGULATIONS 
Object of Investigation. 


1. The object of a test made on a producer-gas plant may be to determine: 
(a) The quantity, composition, and calorific value of the fuel consumed. 
(b) The quantity, composition, and heat value of the gas produced. 
(c) The degree of efficiency of the producer-gas plant. 
(d) The separate heat losses in the plant. 
(e) The quantity of impurities contained in 1 cm. or 1 cu.ft. of gas (dust, tar, sulphur, 
etc.). 
(f) The moisture contents of the gas. 
(g) The water consumption of the producer-gas plant, either total or in the separate parts. 
(h) The mechanical work required for operating the plant, including apparatus. 
(t) The duration of time required for starting. 
(k) The stand-by losses during intervals of shutting down day or night. 
2. The object of a test made on an internal-combustion (gas) engine may be to determine: 
(a) The indicated capacity and the effective output. 
(b) The mechanical efficiency. 
(c) The fuel consumption and the heat consumption per horse-power hour. 
(d) The consumption of lubricants, separately for cylinder and engine. 
(e) The consumption of water and the heat conducted to the cooling water. 
(f) The fluctuations in number of revolutions. 
(g) The composition of exhaust gases. 


NUMBER AND DURATION OF TESTS. 
Admissible Fluctuations. 


3. The number and duration of trials are determined by the purpose of the test as well 
as by a consideration of the conditions of installation and operation, and must be settled and 
previously arranged according to paragraphs 4 to 8. For trials of special importance the 
results of which are decisive for acceptance tests, for penalties or for premiums, this item 
deserves special consideration. 

4. Acceptance tests should be made if possible immediately after a plant has been put into 
actual operation; the manufacturers, however, must be granted a reasonable time for making 


1 Mainly from F. HE. Junge’s translation in Power, Feb., 1907. 
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preliminary trials of their own and for carrying out alterations or improvements when necessary. 
The length of this time and other conditions are best agreed upon when drawing up the delivery 
contract. 

5. In order to be able to get acquainted with the operation of the plant that is to be 
tested, to find time for examining the testing devices employed, and to break in observers and 
assistants, it is desirable that preliminary trials be allowed. 

6. If the fuel consumption in gas producers is to be determined, the trial run must be 
extended over at least eight hours under constant conditions and without interruptions. 

7. For determining the consumption of liquid or gaseous fuel and provided the conditions 
are constant, it is sufficient for the higher loads to extend measurements over an hour, while for 
finding the consumption at the lower loads, measurements of even shorter duration are sufficient. 
To ascertain the constancy of the conditions the temperature of the outflowing cooling water 
must be read from time to time. These rules as to the duration of the tests are made with 
the provision that no interruption or disturbance of the trial takes place, and that intermediate 
readings show only slightly varying values for the consumption. 

8. If only the mechanical efficiency of an engine is to be determined, trials of short duration 
under constant conditions are sufficient; but at least ten sets of indicator cards should be taken. 

9. For investigations of special importance at least two tests should be made, one after the 
other. They should be accepted only if no interruptions occurred and if the results show no 
greater deviations than those due to unavoidable errors of observation. The mean of the two 
results is to be taken as the final result. 

10. The extent to which the capacity and the consumption of gas may differ from the guarantee 
or contract figures, without justifying a claim of breach of contract, is to be clearly stated 
before the tests (either in the original contract or in the schedule of tests). When no other 
agreement has been previously arrived at, the capacity guarantee is regarded as fulfilled if the 
figure obtained in the test is not more than 5% below the value on which the guarantee was 
based. This margin, however, is allowable only for the maximum output which was promised 
beyond the guaranteed continuous output. The latter must be rendered by the engine under 
all circumstances. 

The consumption of fuel and water as determined on test should not exceed the guaranteed 
figures by more than 5% even if, during the trial, the engine load fluctuated somewhat from 
the load upon which the guarantee was based, provided that fluctuation do not exceed an 
average of +5% of such load, or a maximum of +15%. 

Since it is often impossible when making tests to have the internal combustion engine work 
at exactly the effective (horse-power) capacity on which the guarantee agreed upon in the 
contract is based, it is recommended that the agreement shall specify the expected fuel consump- 
tion for higher and lower outputs. The same provision is preferably made also with gas 
producers. 


UNITS OF MEASUREMENT AND DESIGNATIONS 


11. When giving pressure data it must be stated whether absolute pressures or gauge 
pressures above or below the atmospheric are meant. Absolute pressure equals atmospheric 
pressure plus gauge pressure. 

12. All temperature and heat measurements refer to the Fahrenheit scale. 

13. The mechanical equivalent of heat is taken at 778 ft.-lbs. 

14. The calorific value of a fuel is to be taken as its lower heating value; that is, the heat 
which is liberated by the complete combustion of the fuel when the burnt products are cooled 
down to the original (room) temperature at constant pressure, it being assumed, however, that 
the water of combustion and the moisture contained in the fuel remain vaporized. The calorific 
value must be based on the unit quantity or weight of original fuel, without deducting ash, 
moisture, etc., and is to be expressed in heat units. For both solid and liquid fuels the unit 
of weight is the pound. 

The heat value of gaseous fuels is based on 1 cu.ft. at 32° F., and 760 mm. barometer 
pressure, or must be expressed in thermal units as ‘‘effective”’ heat value, that is, reduced to 
1 cu.ft. of actual gas used. If not specially stated, it is always understood that the heat value 
recorded is that of gas at 32° F. and 760 mm. barometer pressure. 

In this country the general standard so far recommended seems to indicate for “standard gas” 


a temperature of 60° F., and a pressure of 14.7 lbs. per sq.in., corresponding to the usual 


atmospheric pressure. 
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15. The efficiency of a gas-producer plant is the ratio of the latent heat contained in the 
gas as produced to the heat of combustion of the total weight of fuel consumed in the plant, 
both items being computed from the lower heating value. In producer-gas plants having a 
separately fired steam boiler, it is advisable also to determine the ratio of the heat which is 
chemically bound in the produeer gas to the heat equivalent of that portion of the fuel which 
is consumed in the producer proper for making such gas. 

16. The unit of measurement used for the power or work output of an internal-combustion 
engine is the horse-power equal to 33000 ft.-lbs. per minute. It must be clearly stated whether 
the indicated power, or the useful or available power, is meant. If not otherwise designated it. 
is understood that the figures refer to the useful or available output. 

17. The indicated power of the engine, or the indicated work, is the difference between the 
total power developed or work done, and the indicated power, or work, which is consumed 
within the engine; in short, the difference between the positive and the negative indicated power 
or work. 


Norr. This is the provision which caused considerable discussion among gas-engine experts some 
time ago. It means, as it stands, that in a 4-cycle machine, the indicated horse-power is that determined 
from the work diagram minus the work shown by the lower loop diagram; and, in a 2-cycle engine, 
the total indicated horse-power, as determined from the diagram of the power cylinder minus the pump 
work, is considered as the indicated horse-power. This view is undoubtedly correct when the mechanical 
efficiency of the engine itself as a machine is to be determined. 


The power required at “no load”’ is the power indicated when no useful work is rendered by 


the engine. 

18. Mechanical efficiency is the ratio of the useful power to the indicated power of the 
engine. 
19. All consumption figures should be reduced to the hour basis, and if they are to be 
compared with the output of the engine they must be based on one horse-power hour. If not. 
otherwise agreed upon, these data refer to the useful or available output at full load. 


EXECUTION OF TESTS 


20. If the quantity of gas made in a producer or the weight of fuel consumed in an engine 
is to be measured, then all pipes or ducts which are not used in the test. must be cut off from 
the piping which leads to the producer and engine that are to be tested. This is best done 
by means of blind flanges. The active ducts, pipes, gas holders, etc., must be examined with 
regard to leakage and made tight if necessary. Unavoidable losses due to leakage must be 
determined. This holds especially for masonry gas mains. 


FUEL CONSUMPTION OF A GAS-PRODUCER PLANT 


21. The kind, number, and duration of tests must be agreed upon according to the general 
rules laid down in paragraphs 1 to 10. 

22. The constructive features and the operative conditions of gas-producer plants must be 
described and illustrated in the report by drawings, so far as this is necessary, to arrive at a 
clear understanding of the manner of working and of the results obtained. 

23. Before making the test the plant should be examined as to whether or not it is in good 
working order. 

24. The quantity of fuel consumed in the gas producer is determined by taking the weight 
of the fuel which is charged into the producer during the trials in order that the producer may 
contain at the end of the test exactly the same amount of heat, either liberated or chemically 
bound in the fuel, that it contained when starting the test. To meet this requirement it is not 
sufficient that the depth of the fuel bed be the same at the end as it was at the beginning; 
it must also. be taken into consideration what’ influence the ash and the slag left in the producer, 
the location of the incandescent zone, the formation of fissures and cavities, the closeness or 
density of the producer charge, and the chemical composition of the burning fuel particles 
exercise on the heat contents of the producer. 

In order to comply with this requirement the following rules should be followed: 

25. When starting the test the plant should be in the condition of stability or normal 
working condition, if possible. This means that after a period of shut-down for cleaning or 
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repairs it should be in active operation for one or more days, running on fuel of the same 
characteristics and size, with the same depth of fuel bed, the same skill of attendance as regards 
the charging or feeding of fresh fuel and the removing of slag, and under the same load 
conditions that will obtain during the test. 

26. During the trial the producer should be charged and poked as nearly in accordance with 
the requirements for attendance as possible. The level of fuel charged must be the same at the 
beginning and at the end of the tests and should be kept constant during the trial. About half 
an hour before starting and before stopping a test, the slag and ashes should be removed. 

If it is impossible to take out the ashes during the operation of the producer, the plant 
must be shut down immediately after stopping the test, the ashes must be taken out at once 
and the producer refilled up to the same level that existed when starting the test. The weight 
of fuel used for this purpose must be added to the consumption. 

27. The fuel consumed during the trial must be weighed, also the fuel which has not been 
burned and remains useful; that is, that portion which drops down from above the grate while 
raking out the ashes, and that which is culled out form the ashes as unburned. The weight of 
the former may be deducted from the consumption, but not the amount which is taken out 
from the ashes, nor the coal dust which accumulates in the scrubbers and in the flues between 
the producer and the engine. 

28. To be able to determine the quantity of ash and slag produced during the trial, the 
ash box must be emptied before the test. If this is not possible, as when an inclined grate is 
used, the refuse in the ash box must be equalized before and after the run. 

29. The stand-by losses during intervals of shutting down at day and night must be 
determined. 

30. In order to get a representative sample of the solid fuel, the following course may be 
pursued: Of every carload, basket, or other measure of fuel, put a shovelful into a covered 
receptacle. Immediately after the test’ is over, the contents of the receptacle should be broken, 
mixed, spread, and quartered by drawing the two diagonals of a square. The two opposite 
quarters are rejected, the two others broken up finer, mixed, and quartered, and the two opposite 
quarters rejected. This is continued until a sample of some 10 to 20 Ibs. remains, which is 
preserved in well closed receptacles for analysis. In addition to this a number of other samples 
must be put away in air tight receptacles for use in determining the contents of moisture in 
the fuel. 

31. The composition of the fuel shall be determined by chemical analysis. Its contents in 
carbon (C), hydrogen (H), oxygen (O), sulphur (8), ash (A), and water (W) must be given in 
percentage of weight referred to the original fuel. The contents, in the fuel, of nitrogen (N) 
can be disregarded. The behavior of the fuel when being heated should be determined by a 
coking test. 

29 The calorific value of the fuel must be determined by calorimetric analysis. An approxi- 
mate determination of the heating value can be made on the basis of the chemical analysis by 
employing Du Long’s formula: 


O 
Heating value=145 C+522.3 (u -2) +405 —9.66 W, 


in which C, O, H, S, and W are expressed in weight per cent. 


TESTING AN INTERNAL-COMBUSTION ENGINE 


33. Kind, number, and duration of trials to be agreed upon according to the general regula- 
tions Nos. 1 to 8. 

34. The constructive features and operative conditions of the engine must be so illustrated 
in the report as to enable one to form a correct idea of the manner of working and of the 
results of operation. Especially important are the type and capacity of engine, diameter of 
cylinder and piston-rod, piston stroke, contents of clearance space, and other essential dimensions; 
the normal rate of revolution and the admissible fluctuations; kind and heat value of fuel for 
intended. The diameter of the cylinder and the stroke should be actually 


which the engine is 
measured if this is poss-ble. 
The contents of the compression space are preferably determined by filling with water. If it 


is impossible to state the cubical contents of the compression space, ‘then the compression 
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pressure at full load should at least be given. This is done by taking an indicator card while 
the ignition is interrupted. 

35. Before making the test the engine must be examined internally and externally as to 
whether or not it is in good working order. 

36. The number of revolutions of the engines should be determined by a continuous speed 
counter, the records of which must be noted at certain intervals, and must be checked or 
corrected from time to time by direct readings. If the speed conditions of the engine are to 
be investigated it is essential to determine the following items: 

(a) The number of revolutions under constant conditions at maximum load and at no load. 

(b) The fluctuations in speed at constant load. 

(c) The temporary change in the number of turns when the load is suddenly decreased or 
increased from a given constant load by a prescribed amount. These determinations can be 
executed with apparatus of the character of the Horn tachograph. The fluctuations of speed 
during the performance of one engine cycle above and below the mean value, expressed in parts 
of the latter, should be determined by calculation unless otherwise provided. 

The coefficient of fly-wheel regulation is 


5 —Nmax —Nmin aa (= ==) 
’ 


Nmax oe Nynin A Nimax ats Nmin 
9 


“ 


where N=number of revolutions. 

37. The useful output can be determined either by brake test or by electrical measurement. 

The dimensions and weight of the brake should be determined before the trial. 

The electrical measurements can be made on a generator directly coupled to the gas engine. 
The useful work is computed from the output of the dynamo. The efficiency of the generator 
should be determined by one of the methods as laid down in the “Rules for Judging and 
Testing Electrical Machinery and Transformers,”’ published by the Association of German Electrical 
Engineers. If the efficiency is found approximately by measuring the determinable losses, then 
an adequate amount (say 2% of the full load output) must be allowed for losses not accounted 
for. 

The apparatus with which the electrical measurements are executed must be calibrated 
before and if possible also after the test. 

Whether anything besides the 2% above allowed should be credited to the gas engine for 
increased bearing friction and windage of the generator, must be settled in each individual case. 

Whether, in case the useful output can.neither be determined by brake test or by electrical 
measurements, the code provision for testing steam engines can be admitted as correct for gas 
engines, namely, to designate the useful output as the difference between the indicated work at 
any load and the indicated work at no load, cannot be settled at the present state of develop- 
ment, since results of accurate investigations are not yet available. 

38. Indicators must be connected immediately to the combustion chamber without employing 
long piping with sharp bends, and one iuticator must be provided for every combustion chamber. 
For this purpose each compression chamber must have an opening of ? or 1 in. Whitworth 
threaa. The same holds true for pump cylinders. 

The mdicators and their springs must be calibrated before and after the test according to 
the accepted standards. 

39. During the. test, cards should be taken quite frequently from every combustion chamber 
and from the pump cylinders. The cards should be designated by numbers, and the time when 
each card was taken, the scale of springs used ‘and the number of single cards obtained must 
be recorded on the cards. At least five diagrams should be taken on one card successively. 
From time to time diagrams indicated with a weak spring should be taken from the combustion 
chambers. : 

The indicated work at no load should be determined immediately after stopping the main 
test and while the engine is still warmed up ready for operation. Care must be taken that the 
no load cards are not taken during an acceleration or during a retardation period of the fly- 
wheel. 
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ANALYSIS OF THE GAS GENERATED IN A PRODUCER GAS PLANT OR CONSUMED IN AN INTERNAL- 
COMBUSTION ENGINE, OR OF THE LIQUID FUEL USED 


40. The samples for the chemical analysis of the gas must be taken during the trial at 
regular intervals and as frequently as possible. 

They must be either analyzed on the spot or preserved in glass tubes closed by melting the 
ends. The analysis is to determine, in per cent of volume, the contents of the gas in carbon 
monoxide (CO), carbon dioxide (CO,), hydrogen (H,), marsh gas (CH,), heavy hydrocarbons and 
oxygen (QO,). , 

In addition it is recommended to determine the contents of sulphur. The gas samples 
should be taken from the gas main between the cleaning apparatus and the engine. 

41. The heat value of the gas should be determined as often as possible by calorimetric 
analysis, and the burner of the calorimeter should be fed from the gas main without interruption. 
In suction producer plants this can be done by means of a gas pump drawing from the main. 
If conditions should make it necessary that a sample be taken from the pipe while the calorim- 
eter is shut off, such sample to be later transferred to and burned in the calorimeter, then 
the quantity of gas so taken should not be less than 300 liters (10 cu.ft.), in order that the 
calorimeter may at first be brought into the condition of stability as regards the water of 
combustion, and in order that at least 100 liters (3.5 cu.ft.) remain available for two successive 
analyses. The suction pump, the gas holder and the piping must be made tight with special 
care when making a calorimeter analysis of suction gas. 

42. The gas meter of the calorimeter in which the heat value of the gas is determined must 
be calibrated. For determining the temperatures of the calorimeter water, only thermometers 
with calibration certificates or others compared with such should be used. The scales must be 
divided at least into tenths of a degree. 

On the basis of the chemical analysis the heating value per standard cubic foot of gases 
which do not contain heavy hydrocarbons can be computed from the following formula, if a 
calorimetric analysis cannot be made 


Heating value=3.42 CO+2.97 H,+9.52 CH, 


where CO, H, and CH, are expressed in volume per cent. ' 

43. The quantity of gas produced or consumed should be measured by means of a ga 
holder or a gas meter. The cross-sectional area of the holder should be determined by measure- 
ment of its circumference at several places. Consumption tests with the gas holder shall not 
be made while the latter is exposed to the sun, 

44, The gas meter must be calibrated and set level; it must be so filled that the water 
level corresponds to the normal filling existing during calibration. Between the gas meter and 
the engine a pressure regulator must be installed or a large suction space provided so that the 
water level shows only small pulsations during the pressure fluctuations. 

45. At intervals corresponding to the duration of test the following readings should be taken: 
Position of the bell of the gas holder at.three places or the records shown by the gas meter; 
the pressure in the bell or in the gas u “ter; the temperature of the gas when entering and 
when leaving the gas holder or the gas mec ° and before reaching the engine; the barometric 
pressure. 

46. If the temperature of the gas is different when measuring the consumption than when 
measuring the heat value, the computation must also take into account the increase of volume 
which is due to the moisture contents of the gas at higher temperatures. 

47. The consumption of liquid fuel must be determined either by weight or by measuring its 
volume. For determining heat value, composition, and specific weight of the fuel one representa- 
tive average sample is sufficient. y : 

48. When measuring the fuel consumption of internal-combustion engines, the consumption 
of lubricating oil for the cylinder should be determined at the same, time. 

49./If the consumption at low loads of a double-acting tandem or twin engine is to be 
determined, it is not allowable to shut off the gas from one or more ends of the cylinders, 
provided that no other arrangements have been previously agreed upon and are mentioned in 
the report, or that the governor acts automatically in the way described. 
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hs 
EXPLANATIONS TO VARIOUS ARTICLES OF THE CODE 


The main code is followed by a number of explanations from which the following extracts 
are taken. The figures refer to the paragraphs of the above code. 

1 and 2. In most cases only one or two of the objects of test’ mentioned are taken into 
account in any given trial. If in any exceptional case the object of the test should not be any 
of those mentioned, it should be a simple matter to adapt the rules given. 

Under 2 (ce) the term horse-power hour is used. It is essential that in any given trial this 
term be more closely defined, as horse-power may mean indicated brake, or even horse-power 
developed by pumps. 

4. It is extremely desirable that the contract state the time allowed the manufacturer for 
adjustment and trial runs, because his own interests may make him call sometimes for a long, 
sometimes for a short period. In the case of a small engine, more or less a commercial stock 
machine, he may wish to have the period as short as possible, and this the buyer may agree to 
without danger of loss to himself. If, however, the machine is of a special type, or one provided 
with special attachments, it is but a matter of justice to allow the manufacturer a reasonable 
time in which to break in the engine and to give him an opportunity to correct any imper- 
fections that may appear. It is to the interest of the buyer to grant such a period in order 
to become familiar with the machine before taking over the entire responsibility of operating it. 
It is also true that many faults appear only after some weeks of operation. 

On the other hand, too long a period of adjustment is in many cases not acceptable to the 
buyer, because any extended work of improvement usually seriously hampers operation; and 
because in many cases he desires an operative machine, which no longer requires the care of the 
manufacturer, as soon as possible. 

It frequently happens that no acceptance test is agreed upon. In such cases it sometimes 
happens that the buyer comes back upon the manufacturer for faults which did not develop 
until the machine had been in operation some time. 

If the manufacturer then agrees to an investigation or a test, a sufficient period should be 
given him to make any investigation he sees fit or to correct any imperfections that may have 
appeared before the decisive trial or investigation is made. This sometimes leads to a simple 
settlement of the matter in that the manufacturer discovers that ignorance or carelessness on the 
part of the operator have caused the imperfections complained of. The granting of such a period 
also guards the buyer against any later claim of the manufacturer that during the trial the 
machine was not in the condition in which he delivered it. 

5. Preliminary tests are always desirable, but not absolutely necessary. The cost of any 
kind of investigation is usually quite high and of course the cost increases directly with the time. 
The expert called will therefore make such tests when they seem to him essential. But the 
manufacturer should have the right to call for the time necessary for such trials if he is to 
present the machine in its best condition. 

6. It cannot be denied that eight hours is a rather short time, because it is extremely 
difficult to determine whether the producer is in the same condition at the end as at the 
beginning of the test, and because this uncertainty may lead to large errors. On the other hand, 
it is unquestionable that in many cases a longer time would call forth so many difficulties in 
operation that eight hours would seem the necessary limit. 

The rule is mainly framed to prevent trials of so short duration that serious errors can 
hardly be avoided, but it leaves it to the judgment of the experimenter whether to make the 
tests longer than eight hours where it seems desirable and is possible to do so. 

7. Intermediate readings are recommended without qualification, since they form the best 
criterion of the constancy of conditions. With liquid or gas fuels of constant composition, 
individual readings every five minutes apart sometimes show no variation for hours at a time. 
In such a case it is useless to extend the time of the trial. 

8. In determining the mechanical efficiency of an engine it should not be forgotten that, 
although the average load may be constant, there may be speed variations due to the inevitable 
inequality of the power impulses, so that during some cycles work is done in accelerating the 
fly-wheel, while during others the fly-wheel by retardation gives up some of its kinetic energy. 

To minimize any error that this may introduce into the determination of the mechanical 
efficiency, at least ten indicator diagrams should be taken. 

If the conditions are otherwise constant, however, it is not necessary to ae these 
diagrams over any considerable period of time. 
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It is self-evident that during the time of taking the diagrams the supply of lubricating oil 
must not be increased. 

Changes in the mechanical efficiency of the engine, as for instance those due to fouling, 
cannot be detected with certainty even by a long test period; they become noticeable usually 
only after a period of operation extending over two weeks. The determination of the mechanical 
efficiency of an engine, after constant conditions of operation are attained, therefore only applies 
to the engine in its then existing state or condition. 

The number of diagrams to be taken on one card cannot be definitely stated. On account 
of variation in the diagrams, which is less at high than at low loads, care should be had not to 
take too few. On the other hand, it is useless to take more than can be clearly distinguished. 
The running together of a larger number of diagrams only makes their evaluation more uncertain. 

10. In consideration of unavoidable errors of observation, possible errors of the instruments 
used, etc., it is meet and usual to allow a certain margin between the figures found on trial and 
those guaranteed. In the steam engine code 5% is allowed for this, and it seems reasonable to 
assume the same figure in this case. Only in one point, in the guaranteed normal capacity, 
does the gas engine call for an exception. 

A given steam engine gives its most economical results at a certain cut-off, but a higher 
capacity can always be obtained at the expense of a little economy, that is, a buyer is certain 
that even a machine slightly too small will give him sufficient capacity. A gas engine, on the 
contrary, works with the greatest economy at its maximum load. It is to the interest of the 
buyer, therefore, to get an engine exactly suited to his needs and not to choose it too large. It 
is possible for the same reason that any engine, if lacking slightly in guaranteed capacity, may 
become absolutely useless to the buyer. For these reasons it was thought advisable not to 
grant the manufacturer any leeway whatever as regards guaranteed capacity. 

It is clear, therefore, that the manufacturer must take upon himself any possible inaccuracies 
in the measurements, unless he can show them up and demand a new trial. For that reason it 
is well for him to make his guarantee a little on the safe side of what he knows his engine is 
capable of developing. On the other hand, there is no harm done to the interest of the buyer 
if the manufacturer underrates the normal capacity of his machine, because the former will 
always call for an engine of a certain normal capacity to suit hisneeds. If he fails to do this, 
but places his dependence in the guaranteed maximum capacity, he is open to the charge of 
carelessness. 

Since during acceptance tests it is often not possible to keep the load quite constant, it 
became necessary, following the steam engine code, to allow a certain amount of variation, 
within which no just cause could be found for objection to the trial. There are cases where the 
variations occurring are much greater, as when a gas engine is used for driving a roll train. 
But no one set of rules can possibly take into account all such extreme cases, and in such 
instances the contract should contain the necessary agreements to make any test clear and free 
from subsequent objections. 

The wish has been expressed from several quarters, that the rules should contain a definition 
of the term “normal capacity.’ On account of the peculiarity of the gas engine above discussed, 
this is not quite feasible. But the term ‘maximum continuous capacity”? perhaps defines most 
nearly what is intended in most cases. 

14. It is sometimes the case that the heating value of the standard cubic foot, that is, 
reduced to 32° F. and 760 mm. barometer, is so greatly different from the actual value of the 
gas as used, that any contract which contains only the heating value of the gas stated on that 
basis does not convey much meaning to the non-technical buyer. If for instance a given gas 
has a heating value of 135 B.T.U. per standard cu-ft., its effective heating value at a high 
altitude and in a warm climate, say as 68° and 620 mm. barometer, will only be about 100 
B.T.U. per cu.ft. To obviate any misunderstanding, it should be clearly stated that, when the 
effective heating value of the gas is not definitely specified, the heating value at 32° F. and 
760 mm. barometer is meant. 

19. By full load is meant the normal capacity, as per paragraph 10. 

23. For acceptance tests, and all other tests which are intended to decide any disagreements 
between manufacturer and buyer, such examination should be carried out in the presence and 
with the aid of the former, as already mentioned under paragraph 4, 

24-26. In all gas producer tests it is hardly possible with certainty to have all conditions 
exactly the same at the end as at the beginning. But since any difference in the beginning 
and end conditions may lead to considerable error, which can only be equalized by excessive 
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length of test, the rules are intended to operate to the end that such errors are not in any way 
magnified by the method of test. Hence the detailed statement in the regulations. 

27. Since in actual operation the fuel in the ash or the coal dust in the gas mains are 
hardly ever utilized, no correction should be made for these on any trial. In order to prevent, 
however, the results from being influenced by insufficient cleaning of the producer, any fuel 
which falls out from above the grate during the cleaning period may be subtracted from the 
amount charged. 

35. See explanation under 23. 


37. A brake test of a large engine is in some ‘nstances not possible, and in any case a 


matter of considerable cost. In many cases, however, the larger gas engines are either direct 
connected to a generator or to some other power consumer, as a blowing cylinder. In the 
former case electrical measurements, from which the effective horse-power may be determined, 
are easily made. In the latter case the capacity guarantee will in most instances be based upon 
the performance of the power consumer, as for example the air compressed by the blowing 
cylinder. Outside of engines of this type, however, there still remain many cases in which it 
would be of the utmost value to have some means of determining the effective capacity, and 
it should not be forgotten that, even in the case of medium-sized machines, a braking of the 
engine at the place of erection is often, on account of local restrictions, very difficult. The 
problem has been solved for steam engines by assuming that the difference between the indicated 
horse-power at any load and the indicated horse-power at no load is the effective or useful 
horse-power. It is quite possible that in many cases this is not quite correct, but the method 
is very generally accepted and followed. 

On account of the great overload capacity of the steam engine, a small error in this respect 
does not mean a great deal. But the case of the gas engine is quite different. The data on 
hand does not warrant the application of the same method to the gas engine, and the conse- 
quences of an erroneous conclusion are much more serious on account of the lack of overload 
capacity. 

For these reasons one is compelled in some cases to omit the determination of the effective 
capacity altogether and to be content with the determination of the indicated power only. It is 
recommended in such cases that the mechanical efficiency be not assumed too high and that any 
guarantees regarding fuel, ete., also be based upon the indicated horse-power. 

It is sometimes possible to brake an engine on the test floor of the factory. The mechanical 
efficiency may thus be previously determined when it is known that no brake test can be made 
in the final place of erection. 

39. The number of diagrams to be taken during any given test cannot be definitely specified. 
Much depends upon the length of test, and the decision may be left to the judgment of the 
experimenter. 

It is, however, always recommended that a bundle of diagrams, instead of only one, be 
taken on every card. Thus a series of diagrams are obtained, while, if only a single diagram 
is taken, it is possible to hit upon the same diagram in the series a number of times. (See under 
extract 8.) 

The work of fluid friction, that is, the lower-loop diagram, cannot be determined with 
certainty from the full indicator cards. It is best for that reason to ignore the loop when 
determining the positive work and to find the negative work from special weak spring diagrams. 

48. The measurements of the quantity of lubricating oil used is of importance in smaller 
engines, because the fuel consumption can be favorably influenced by a copious supply of the 
lubricant. 

49. If under low loads, only one end of the cylinder is allowed to work, the fuel consump- 
tion would be much lower. But since this is not generally done ih operation, the results would 
be erroneous. If, however, the governor during operation shuts off the individual cylinders or 
cylinder ends, as the load drops, this is of course also permissible during a test. 


INDEX 


Absolute temperature, 566 
Acetylene, 526 
Adiabatic, 571 
Adiabatic changes, 570 
Adiabatic, false, 573 
Adjustment of valve gearing, 214 
Air pipe line, 302 
Alberger gas engine, 486 
Alcohol, 530 
Alcohol engines: 
Deutz, test of, 333 
Allis-Chalmers (Nurnberg) engines, 475 
Allowable fiber stresses (see under name of part 
considered) 
Allowable fiber stresses in materials, 70 
Allowable load on foundations, 258 
American Diesel engines, 429 
American Diesel engines, table of dimensions, 432 
American Diesel engines, tests of, 435 
American Engines: 
Alberger gas engine, 486 
Allis-Chalmers (Ntirnberg) engines, 475 
Diesel engine, 429 
De La Vergne 2-cycle oil engine, 427 
Hornsby-Akroyd oil engines, 426 
KG6rting 4-cycle engines, 410 
KGrting 2-cycle engines, 410 
Mesta gas engine, 473 
Olds gas engines, 451 
Olds gasoline engines, 457 
Riverside gas engine, 469 
Snow gas engines, 445 
Struthers-Wells gas engine, 490 
Tod gas engine, 481 
Westinghouse horizontal engines, 385 
Westinghouse producer and power plant with 
Loomis-Pettibone producers, 401 
Westinghouse vertical gas engines, 397 
American gas engines, types of, 385 
Avogadro’s Law, 580 
Arrangement of cylinders, 63 
A.S.M.E. Code for testing gas and oil engines, 642 
Atomic heat, 548 


Atomie weight, 580 

Atomizers, 263 

Atomizers, designs of, 265 

Atom, definition of, 580 
Attendance, cost of, 315 
Automobile engines, designs of, 503 


Banki engines, 379 
Banki gas engine, test of, 383 
Banki gasoline engine, test of, 382 
Bearings, main, 113 
Blast-furnace gas, 521 
Blast-furnace gas engines: 
Cockerill, tests of, 369 
Blowing engines: 
Letombe, test of, 377 
Oechelhiiuser, test of, 351 
Bolts, table standard dimensions, 306 
Bosch magneto, 253 
Boyle’s Law, 568 
Brass unions, dimensions of, 309 
Brown coal gas, 525 
Buildings, cost of maintenance, 318 


Cams, 213 
Cam shaft (see lay shaft), 212 
Capacity coefficients, 4-cycle engines, table of, 81 
Capitaine double producer, 285 
Carburetor, Olds, 460 
Carburetors, 261 
Designs of, 262 
Card factor, 7 
Carnot cycle, 578 
Centrifugal governors, 244 
Centrifugal washers, 289 
Classification of engines, 1 
Cleaning material, cost of, 316 
Closed cycles, 578 
Cockerill engines, 367 
Cockerill engines using blast-furnace gas, tests of, 
369 
Coke-oven gas, 524 
Combustion chamber, volume of, 123 
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Combustion, current opinions-regarding, 549 
Combustion, definition of, 585 
Combustion and expansion stroke, 4-cyele engine, 34 
Combustion in the gas engine, 539 
Combustion in gas engines (older views), 541 
Combustion temperature, 586 
Compagnie Duplex, 374 
Comparison of cycles, thermodynamic, 20 
Comparison of engines with and without crosshead, 
60 ! . 
Comparison of 4- and 2-eyele engines, 60 
Comparison of 4- and 2-cycle engines from 
standpoint, 52 
Comparison of 4- and 2-eyecle engines from stand- 
point of economy, 53 
Comparison of fuel cost of steam plant and suction- 
gas plant, 360 
Comparison of horizontal and vertical engines, 58 
Comparison of single- and double-acting engines, 61 
Complete expansion engines, 66 
Compounding of gas engines, 66 
‘Compression pressures for different ratios of expan- 
sion and compression, 33 
‘Compression stroke, 4-cycle, consideration of, 32 
‘Compression temperature and pressure for different 
ratios of compression in 4-cycle engines, 35 
Compressors for starting engines, 294 
Computations for strength of crank shafts, 163 
Connecting-rods: 
Constructive details of, 191 
Designs of, 188 
Material, 188 
‘Cooling arrangements, 299 
Cooling ponds, 301 
Cooling tanks, 300 
Cooling towers, 301 
Cooling tower pipe lines, 303 
Cost of attendance, 315 
Cost of cleaning material, 316 
Cost curves, 321 
Cost of erection, 313 
Cost of lubrication, 316 
Cost of maintenance of buildings, 318 
Cost of maintenance of engines and auxiliaries, 
318 
Costs of fuel, 314 
Costs of fuel, comparison of in steam an 
gas plant, 360 
Costs, table of, for illuminating- and suction-gas 
installations, 319 
Crank arm, checks for strength: 
(a) Dead center position, 167 
-(b) Maximum turning moment, 171 
Crank pin, design of, 170 
Crank-shaft, strength computations, 163 
(a) For dead center position, 164 
(b) For maximum turning moment, 170 
«Crank-shafts (multi-throw): 
Design of, 181 


design 


suction- 
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Crank-shafts (single-throw): 
Allowable fiber stress, 155 
‘Design of, 184 
General kinematic and stress relations in, 155 
Material of, 155 
Crossley brown coal gas producer, 285 
Cycle, Carnot, 578 
Cycle, polytropic, 578 


' Cycles: 


Closed, 578 
Constant pressure, practical considerations of, 19 
Constant pressure, table of thermal efficiencies, 
19 
Constant pressure, thermodynamic examination 
of, 16 
‘Constant volume, practical considerations of, 13 
Constant volume, relations between compression 
‘and efficiency, 14 
Constant volume, table of thermal efficiencies, 13 
Constant volume, thermodynamic examination 
Gin ul 
Open, 578 
Cylinder covers and heads: 
Allowable stress in, 131 
Constructive details of, 134 
Designs of, 132 
Fundamental requirements for, 131 
Material, 131 
Cylinder diameter, determination of according to air 
required for combustion, 73 
Cylinder diameter, determination of 
namically, 72 
Cylinder head studs: 
Allowable stress in, 139 
Material, 139 
Number of, 139 
Cylinders: 
Allowable fiber stress in, 120 
Constructive details of, 123 
Designs of, 122 
Material, 120 
De La Vergne 2-cycle oil engines, tests of, 427 
De La Vergne vertical 2-eycle engines, 421 
De La Vergne vertical 2-cycle engines, 
dimensions, 421 
Density, 564 
Depreciation, 316 
Deschamps producer, 284 
Design of pistons, 141 
Deutz, aleohol engine, test of, 333 
Deutz double zone generators, 283 
Deutz gas engines, 324 
Deutz, illuminating-gas engine, test of, 327 
Deutz, petroleum and gasoline engine, test of, 332 
Deutz pressure-gas producers, instructions fort opera- 
tion of, 630 
Deutz, pressure-producer gas engine, test of, 328 
Deutz, suction-gas installation, test of, 329 
Deutz, suction-gas producers, 274 


thermody- 


? 


table of 
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Deutz, suction-gas producers, instructions for opera- 
tion of, 634 

Diagrams, thermo-chemical, 598 

Diameter of cylinder, determination of according to 
air required for combustion, 73 

Diameter of cylinder, determination of thermo- 
dynamically, 72 

Diameter of cylinder, equations for determination of 
for engines using liquid fuel, 75, 79 

Diameter of cylinder, equations for determination of 
for engines using gas fuel, 74, 77 

Diesel engine, American, 429 

Diesel engines, American, table of dimensions, 432 

Diesel engines, American, tests of, 435 

Diesel engines, German, 362 

Diesel engines, German, fuel consumption, table of, 
366 

Diesel engines, German, table of dimensions, 433 

Diesel engines, German, tests of, 363 

Diffusion, 583 

Directions for operation, attendance, etc., of gas 

engines, producers, etc., 610 

Directions for starting Hornsby-Akroyd engines, 
628 

Dissociation, 583 

Distillation, 592 

Double zone generators, Deutz, 283 

Driving gears, 211 

Dry purifiers, 289 

DuLong’s formula, 591 

Duplex engines, 374 


Economy, comparison of 4- and 2-cycle engines from 
standpoint of, 53 
Efficiency, economic, 9 
Efficiency, indicated thermal, 8 
Efficieney, mechanical, 9 
Efficiency, volumetric, real, definition of, 29 
Efficiency, thermal, definition of, 578 
Efficiency, volumetric, apparent, definition of, 29 
Efficiencies for constant pressure cycle, table of, 19 
Efficiencies for constant volume cycle, table of, 13 
Electric igniters, 252 
Electric ignition apparatus, designs of, 253 
Elements, 581 
Engine beds, 102 
Engine frames, for horizontal engines, 104 
Engine frames, for vertical engines, crank-shaft 
above cylinder, 86 
Engine frames, for vertical engines, crank-shaft 
below cylinder, 90 
Engine, pistons for double-acting, 140 | 
Engine, pistons for single-acting, 140 
Engines, portable, 493 
Engines, American: 
Alberger, 486 
Allis-Chalmers, 475 
De La Vergne (oil), 421 
Die el, 429 
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Engines, American: 
Hornsby-Akroyd, 416 
K6rting 4-cycle, 410 
Korting 2-eycle, 410 
Mesta, 473 
Olds, 451 
Riverside, 469 
Snow, 445 
Struthers-Wells, 490 
Tod, 481 
Westinghouse, 385 
Engines, German, vypes of, 324 
Deutz, 324 
Diesel, 362 
Gnom, 361 
Giildner, 354 
KG6rting 4-cyele, 334 
Korting 2-eycle, 334 
Nurnberg, 344 
Oberursel, 361 
Oechelhiiuser, 345 
Soest, 353 
Engines, other foreign makes: 
Banki, 379 
Cockerill, 367 
Duplex, 374 
Ganz, 379 
Langen & Wolf, 367 
Letombe, 376 
Premier, 377 
Engines, American, 385 
Engines, automobile, 563 
Engines, classification of, 1 
Ingines, comparison of horizontaland vertical types, 58 
Engines, comparison of single- and double-acting, 61 
Engines, comparison of, with and without cross-head, 
60 
Engines, complete expansion, 66 
Engines, cost of maintenance, 318 
Engines, gasoline fire engines, Deutz, 497 
Engines, launch, 503 
Entropy, 579 
Entropy diagram, 10 
Entropy diagrams for constant-volume and constant- 
pressure engines, 41 
Erection, cost of, 313 
Exhaust mufflers, 297 
Exhaust pipe line, 303 
Exhaust stroke, 4-cycle engine, 39 
Expansion and combustion stroke, 4-cycle engine, 39 


Fastenings and connections for split flywheels, 235 
Fire engines (gasoline) Deutz, 497 
Flanges, oval, dimensions of, 311 
Flywheel regulation for various cylinder combina- 
tions, 230 
Flywheel rim weights, table of, 231 
Flywheels: 
Allowable fiber stress in, 215 
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Fly-wheels: 
Constructive details of, 233 
Designs of, 232 
Determination of weight, 215 
Fastenings and connections for split wheels, 235 
Material, 215 
. Static computations for, 233 
Foundation construction, 258 
Foundations, 257 
Foundations, material of, 258 
Frames: 
Allowable fiber stress in, 85 
Constructive details of, 87 
Designs of, 86, 104 
For horizontal engines, 104 
Material for, 85 
For vertical engines, crank-shaft above cylinder, 
86 
For vertical engines, crank-shaft below cylinder, 90 
(a) Box frames, design of, 91 
(b) A-Frames, design of, 94 
Friction losses in 4- and 2-cycle engines, 51 
Friction losses in journals, 160 
Fuel costs, comparison of in steam and suction-gas 
. plant, 360 
Fuel consumption, Diesel engines, 366 
Fuel consumption, Diesel engines (German), table of 
values, 366 
Fuel costs, 314 
Fuel gases, 514 
Fuel mixtures, 533 
Fuel pumps, 266 
Fuels, 511 
Fuels, standard condition of, 5 


Ganz & Co., 37 
Gas: 
Acetylene, 526 
Blast-furnace, 521 
Brown coal, 525 
Coke oven, 524 
Illuminating, 514 
Lignite, 525 
’ Natural, 526 
Oil, 516 
Power, 517 
Producer, 517 
Water, 594 
Gas bags, 305 
Gas engines, compounding of, 66 
Gas bammers, Ganz & Co., 385 
Gas meters, 304 
Gas-pipe line, 302 
Gas-pipe lines for power gas, 303 
Gas producer, suction type, Olds, 466 
Gas producers, design of, 285 
Gas producers, designs of: 
(a) Pressure-gas installations, 272 
(6) Suction-gas installations, 273 
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Gas receivers, 290 
Gas washers, 288 
Gases, fuel, 514 
Gasification, 592 
Gay-Lussae’s Law, 568 
Gearing, valve, 204 
Gears, driving, 211 
Gears, screw, table of dimensions, 211 
Generators, double-zone type, Deutz, 283 
Generators, power-gas, 269 
German gas engines, types of, 324 
Gnom engines, table of dimensions, 361 
Governing: 
Methods of, 240 
(a) Hit and miss, 240 
(6) Quality, 240 
(c) Quantity, 240 
Governing valve, Tod engine, 486 
Governing valves, Alberger engine, 490 
Governor regulation, coefficient of, 246 
Governor, Tod engine, 487 a 
Governors: 
Centrifugal, 244 
Construction of, 242 
Design of, 243 
Details of construction of, 244 
Pendulum governors, 242 
Special governors, 245 
Gravity, specific, 564 
Gildner engines, 354 
Gildner illuminating-gas engine, test of, 357 
Gildner suction-gas engine, test of, 357 
Giildner suction-gas installation, 280 
Gildner suction-gas plants, table of dimensions, 355 


Hammers, gas, Ganz & Co., 385 

Heat, atomic, 584 

Heat interchanges in a cycle, 40 

Heat units, definition of, 563 

Heating lamps, designs of, 265 

Heating value, 586 

Heating value, higher, 5 

Heating value, lower, 5 

Heating value of hydrocarbons, 593 

Heat, specific, 2 ; 

Heats, specific, table for perfect gases, 567 

Heats, specific, variation of, 3 

Helical springs, 312 

Hornsby-Akroyd engine, directions for starting, 628 
Hornsby-Akroyd oil engines, 416 

Hornsby-Akroyd oil engines, table of dimensions, 419) 
Hornsby-Akroyd oil engines, tests of, 426 

Hot tube igniters, 250 

Hydrocarbons, heating value of, 593 


Igniters, electric, 252 

Igniters, hot tube, 250 

Ignition apparatus, 250 

Ignition system, Westinghouse engines, 395 
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Ignition temperature, 586 
Illuminating gas, 514 
Illuminating-gas engines: 

Deutz, test of, 327 

Gildner, test of, 357 

Korting (German), test of, 342 
Indicator diagram, standard, 70 
Inlet mufflers, 296 
Installations, producer, types of, 269 
Instruction book, Olds engine, 611 
Interchanges of heat in a cycle, 40 
Interest and depreciation, 316 
Isobar, 571 
Isothermal, 572 
Isothermal changes, 568 


Jacket wall, design of, 128 

Jackets, 120, 122 

Joule’s equivalent, 2 

Journals, main (see under Main journals) 


Keys, 308 

Keys, table of dimensions, 308 

Korting 4-cycle engines (American), 410 

Korting 4-cycle engines (German), 334 

Korting 4-cycle engines (American), table of dimen- 
sions, 409 

KGrting 2-cycle engines (American), 410 

Ko6rting 2-cycle engines (American), table of dimen- 
sions, 408 

KGrting 2-cycle engines (American), tests of, 423 

Korting 2-cycle engines (German), 334 

KGrting illuminating-gas engine, (German), test of, 
342 

K6rting pressure-gas installations, (German), table 
of dimensions, 341 

Korting pressure-gas producers, 272 

.K6rting pressure-gas producers, 
operation of, 633 

K6rting pressure producer gas engine (German), 
test of, 343 

KGrting suction-gas plant, test of, 344 

Korting, suction-gas producer, 274 


instructions for 


Launch engines, designs of, 503 

Lay shaft, 212 

Lencauchez pressure-gas producers, 273 
Letombe blowing engines, test of, 377 
Letombe engines, 376 

Levers, valve, 214 

Lift of valves, 201 

Lignite gas, 525 

Liquid fuels, 526 

Locomobiles, designs of, 494 
Locomotives, motor, 506 
Loomis-Pettibone producers, 401 
Losses by friction in 4- and 2-cycle engines, 51 
Lubrication, cost of, 316 
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Lubrication of: 
Pistons, 147 
Main bearings, 114 
Wrist pins, 147 


Magneto, Bosch, 253 
Main Bearings: 
. Constructive details of, 115 

Designs of, 114 

Lubrication of, 114 

For horizontal engines, 113 

For vertical engines, 113 
Main journals, design of, 162 
Maintenance of buildings, cost of, 318 
Maintenance of engines and auxiliaries, cost of, 318 
Mallard & Le Chatelier, 3 
Material for engine parts, (see under name of part) 
Material of foundations, 258 
Mean effective pressure, indicated, 81 
Mean effective pressure, useful, 83 
Mechanical equivalent, 574 
Mesta gas engine, specifications, 474 
Meters, gas, 304 
Mixture, fuel, 533 
Molecule, definition of, 580 
Motor locomotives, 506 
Motor plows, 498 
Motor plows, Ganz, 498 
Motor plows, Oberursel, 500 
Motor vehicles, 501 
Motors, for starting gas engines, 296 
Mufflers, designs of, 298 
Mufflers, inlet, 296 
Mufflers, exhaust, 297 
Multi-cylinder arrangements, 63 


_ Multi-throw crank-shafts, design of, 181 


Natural gas, 526 
Nozzles, spray, 301 
Niimnberg engines 
Chalmers 
Nurnberg engines (German), 344 
Nurnberg engines (German), table of, 344 
Nurnberg engines (German), tests of, 345 


(American), see under Allis- 





Oechelhauser blowing engine, test of, 351 
Oechelhiuser engines, 345 
Oil engines: 
Deutz, test of, 332 
Diesel (American), 429 
Diesel (German), 362 
Hornsby-Akroyd, 416 
Oil, crude, and its distillates, 526 
Oil gas, 516 
Olds carburetor, 460 
Olds engines, instruction book, 611 
Olds gas engines, 451 
Olds gas engines, table of dimensions, 458 
Olds gas engines, tests of, 466 
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Olds gasoline engines, 457 

Olds gasoline engines, table of dimensions, 464 

Olds suction-gas producer, 466 

Open cycles, 578 

Operating results (see under Tests of) 

Operation of gas engines, directions for, 610 

Operation of gas engines and. producers, directions 
for, 610 


Packing, methods of packing cylinder heads, 137 
Pedestals (see Foundations) 
Designs of, 257 
Pendulum governors, 242 
Perfect gas, table of constants for, 581 
Pintsch suction-gas plants, 275 
Pipe, purge, 290 
Pipe, wrought iron, dimensions of, 309 
Piping: 
Air pipe line, 302 
Cooling water lines, 303 
Dimensions of pipe lines, 304 
Exhaust-pipe line, 303 
Gas-pipe line, 302 
Power-gas lines, 303 
Pistons: 
Allowable fiber stress in, 140 
Design of, 141 
For double-acting engines, 140 
For single-acting engines, 140 
Material, 140 
Piston rods: 
Design of, 141 
Principal dimensions, determination of, 154 
Piston rings: 
Constructive details of, 148 
Material, 147 
Number of, 149 
Position of, 146 
Spring pressure of, 149 
Table of values for snap rings, 150 
Plows, motor, 498 
Poisson’s Law, 570 
Polytropic cycle, 578 
Ponds, cooling, 301 
Portable engines, 493 
Power gas, 517 
Power-gas producers (see under Gas producers) 
Premier gas engines, 377 
Premier Gas Engine Co., 377 
Premier gas engines, test of, 378 
Pressure-gas installations, Kérting (German table 
of dimensions, 341 
Pressure, indicated mean effective, 81 
Pressure regulators, 305 
Pressure, useful mean effective, 83 
Pressure-volume curves, examination and construc- 
tion of, 571 
Pressures for scavenging 2-cycle engines, 45 
Producer, double, Capitaine, 285 
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Producer for brown coal, Crossley, 285 
Producer, Deutz pressure-gas, 272 
Producer, Deutz suction, 274 
Producer, Korting pressure-gas, 272 
Producer, K6érting suction, 274 
Producer Lencauchez, 273 
Producer-gas engines: 
Deutz, pressure, test of, 328 
Deutz, suction, test of, 329 
Gildner, suction, test of, 357 
K6rting (German), pressure, test of, 343 
Producers for fuels carrying tar, 282 
Producer gas, 517 
Producer installations, types of, 269 
Producers, power-gas, 269 
Pump operations, 2-cycle engines, 42 
Pumps, design of fuel, 267 
Pumps, for liquid fuel, 266 
Purchasing of machinery, specifications for, 637 
Purge pipe, 290 
Purifiers, 298 
Purifiers, dry, 289 


Radiators, surface, 301 

Railways, gas, 506 

Ratio of stroke to diameter and speed of rotation, 67 

Receivers, gas, 290 ; 

Reciprocating parts, table of weights per sq.in. of 
piston face, 157 

Regulation coefficients, 231 

Regulations for installation of aleohol engines for 
agricultural purposes, 641 

Regulations for installation of gasoline engines for 
agricultural purposes, 640 

Regulations concerning installation of internal com- 
bustion engines, 637 

Regulations for installation of kerosene engines for 
agricultural purposes, 641 

Regulations for installation of suction-gas power 
plants, 639 

Regulations concerning testing of gas engines and 
gas producers, 642 

Regulators, pressure, 305 

Relation between heat content of a mixture and 

economic efficiency, 22 

Rim weights for flywheels, table of, 231 

Riverside gas-engine, specifications, 469 

Rules for testing gas engines and gas producers. 
(German Society of Engineers), 656 


Scavenging phenomena in 2-cycle engines, 43 
Scavenging pressures in 2-cycle engines, 45 
Sereens, 306 

Screw gears, table of dimensions, 211 

Screw threads, table of standard dimensions, 306 
Screws, table of allowable loads, 307 

Size of foundation required, 260 

Slaby’s formula, 592 — 

Snow engines, tests of, 448 
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Snow gas engines, 445 
Snow gas engines, table of dimensions, 445 
Société anon., Letombe, 376 
Soest engines, 353 
Specific heats, 2 
Specific heats, table for perfect gases, 567 
Specific heats, variation of, 3 
Specific gravity, 564 
Specifications for purchasing of machinery, 637 
Specifications, Mesta gas engine, 469 
Specifications, Riverside gas engine, 469 
Spray nozzles, 301 
Springs, helical, 312 
Spring table, 312 
Standard indicator diagram, 70 
Starting apparatus, 290 
Hand crank, 291 
Mechanical, 291 
Starting by compressed air, 292 
Starting by electricity, 295 
Starting by fuel mixture, 295 
Starting engines, compressors for, 294 
Starting motors, 296 
Strength computations, crank-shafts, 163 
Stresses allowable in materials, 70 
Stress relations in single-throw crank-shafts, 155 
Stroke, determination of according to air required 
for combustion, 73 
Stroke, determination of thermodynamically, 72 
Stroke, equation for determination of, for engines 
using gas fuel, 74, 77 
Stroke, equation for determination of, for engines 
using liquid fuel, 75, 79 
Studs, 306 
Studs for cylinder heads (sce under Cylinder head 
; studs), 139 
Stuffing boxes: 
Design of, 138 
Table of principal dimensions, 139 
Suction-gas installation, Giildner, 280 
Suction-gas plants, Pintsch, 275 
Suction-gas producer, Olds, 466 
Suction pressures, table of, 31 
Suction stroke, 4-cycle, consideration of, 28 
Surface radiators, 301 


Tar-carrying fuels for producers, 282 

Temperature, definition of, 563 

Temperature of combustion, 586 

Temperature of ignition, 586 

Testing of gas engines and gas producers, regulations 
of A.S.M.E., 642 

Testing of gas engines and gas producers, regulations 
of German Society of Engineers, 656 

Tests or operating results of: 
Banki gas engine, 383 
Banki gasoline engine, 382 
Cockerill engines using blast-furnace gas, 369 
De La Vergne 2-cycle oil engine, 427 
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Tests or operating results: 
Deutz (German): 
Alcohol engine, 333 
Illuminating-gas engine, 327 
Petroleum and gasoline engine, 332 
Pressure producer-gas engine, 328 
Suction-gas installation, 329 
Diesel (American), 435 
Diesel (German), 363 
Gildner illuminating-gas engine, 357 
Giildner suction-gas engine, 357 
Hornsby-Akroyd oil engine, 426 
Korting (American): 
Two-cycle gas engine, 423 
Four-cycle gas engine, 423 
Korting (German): 
Iluminating-gas engine, 342 
Pressure producer-gas engine, 343 
Suction-gas plant, 344 
Letombe blowing engine, 377 
Niinberg engines (German), 345 
Oechelhiuser blowing engine, 351 
Olds gas engine, 466 
Premier gas engine, 378 
Snow gas engine, 448 
Westinghouse horizontal gas engine, 404 
Westinghouse vertical gas engine, 397 
Thermal efficiency, definition of, 578 
Thermo-chemical diagrams, 598 
Thermochemistry, 580 
Thermodynamic examination of constant pressure 
cycle, 16 
Thermodynamic examination of constant volume 
cycle, 11 
Thermodynamics, first law, 674 
Thermodynamies, second law, 579 ° 
Thermodynamics, synopsis of, 563 
Towers, cooling, 301 
Two-cycle eng'nes, (Kérting, American), 410 
Two-cycle engines (Koérting, German), 334 
Trunk pistons, 243 
Types of American gas engines: 
Alberger Co., 486 
Allis-Chalmers Co., 475 
American Diesel Engine Co., 429 
De La Vergne Machine Co., 408 
Mesta Machin2 Co., 473 
Olds Gas Power Co., 451 
Riverside Engine Co., 469 
Snow Steam Pump Works, 445 
Struthers-W ells Co., 490 
Tod Engine Co., 481 
Westinghouse Machine Co., 385 
Types of German gas engines: 
Deutsche Kraft-gas Gesellschaft, 345 
Gasmotoren Fabrik Deutz, 324 
Giildner Motoren Gesellschaft, 354 
Oberursel Motorenfabrik, 361 
Soest, Louis & Co., 353 
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Types of German gas engines: 


Vereinigte Maschinen-fabrik Augsburg, 


Nurnberg, 344, 362 
Unions, brass, dimensions of, 309 


Valve gear, Allis-Chalmers engine, 480 


Valve gear, Struthers-Wells engine, 492 


Valve gear, Tod engine, 485 
Valve gear, Westinghouse engines, 393 
Valve gear parts, dimensions of, 212 
Valve gearing: 
Allowable fiber stress in, 204 
Constructive details of, 211 
Design of, 206 
Material, 204 
Valve gearing, adjustment of, 214 
Valves: 
Allowable fiber stress in, 194 
Constructive details of, 199 
Designs of, 196 
Kinds, consideration of, 194 
Material, 194 


Valves, governing, Alberger engine, 490 


Valves, governing, Tod engine, 486 


INDEX 
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Valve levers, 214 

Valve lift, 201 

Vaporizers, 263 

Vaporizers, designs of, 265 

Volume of combustion chamber, 123 
Volumetric efficiency, definition of, 29 


Washers, centrifugal, 289 
Washers, gas, 288 
Water gas, 594 
Weight, atomic, 580 
Weights of reciprocating parts per sq.in. of piston 
face, 157 
Westinghouse horizontal engines, 386 
Westinghouse horizontal engines, tests of, 404 
Westinghouse producer-gas power plant with Loomis- 
Pettibone producers, test of, 401 
Westinghouse vertical engines, 385 
Westinghouse vertical engines, instructions to 
engineer, 629 
Westinghouse vertical gas engine, test of, 397 
Wrist pin: 
Diameter, determination of, 153» 
Length, determination of, 153 
Wrought iron pipe, dimensions of, 309 
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